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ABSTRACT
Aims. High Synchrotron Peaked blazars (HSPs) dominate the γ-ray sky at energies larger than a few GeV; however,
only a few hundred blazars of this type have been catalogued so far. In this paper we present the 2WHSP sample, the
largest and most complete list of HSP blazars available to date, which is an expansion of the 1WHSP catalog of γ-ray
source candidates off the Galactic plane.
Methods. We cross-matched a number of multi-wavelength surveys (in the radio, infrared and X-ray bands) and applied
selection criteria based on the radio to IR and IR to X-ray spectral slopes. To ensure the selection of genuine HSPs we
examined the SED of each candidate and estimated the peak frequency of its synchrotron emission (νpeak) using the
ASDC SED tool, including only sources with νpeak > 10
15 Hz (equivalent to νpeak > 4 eV).
Results. We have assembled the largest and most complete catalog of HSP blazars to date, which includes 1691 sources.
A number of population properties, such as infrared colours, synchrotron peak, redshift distributions, and γ-ray spectral
properties, have been used to characterise the sample and maximize completeness. We also derived the radio logN-logS
distribution. This catalog has already been used to provide seeds to discover new very high energy objects within
Fermi-LAT data and to look for the counterparts of neutrino and ultra high energy cosmic ray sources, showing its
potential for the identification of promising high-energy γ-ray sources and multi-messenger targets.
Key words. galaxies: active – BL Lacertae objects: general – Radiation mechanisms: non-thermal – Gamma rays:
galaxies
1. Introduction
Blazars are a class of radio-loud Active Galactic Nuclei
(AGN) hosting a jet oriented at a small angle with respect
to the line of sight (Blandford & Rees 1978; Antonucci
1993; Urry & Padovani 1995). The emission of these ob-
jects is non-thermal over most or the entire electromag-
netic spectrum, from radio frequencies to hard γ-rays. The
observed radiation shows extreme properties, mostly due
to relativistic amplification effects. The observed Spectral
Energy Distribution (SED) presents a general shape com-
posed of two bumps, one typically located in the infrared
(IR) and sometimes extending to the X-ray band and
the other one in the hard X-ray to γ-rays. If the peak
frequency of the synchrotron bump (νpeak) in ν - νFν
space is larger than 1015 Hz (corresponding to ∼ 4 eV),
a source is usually called High Synchrotron Peaked (HSP)
blazars(Padovani & Giommi 1995; Abdo et al. 2010). HSP
blazars are also considered to be extreme sources since
the Lorentz factor of the electrons radiating at the peak
of the synchrotron bump γpeak are the highest within the
blazar population, and likely of any other type of steady
cosmic sources. Considering a simple SSC model where
νpeak = 3.2 × 10
6γ2peakBδ (e.g. Giommi et al. 2012), as-
suming B = 0.1 Gauss and Doppler factor δ = 10, HSPs
characterized by νpeak ranging between 10
15 and >∼ 10
18 Hz
demand γpeak ≈ 10
4 − 106.
The typical two-bump SED of blazars and the high en-
ergies that characterize HSPs imply that these objects oc-
cupy a distinct position in the optical to X-ray spectral
index (αox) versus the radio to optical spectral index (αro)
colour-colour diagram (Stocke et al. 1991). Considering the
distinct spectral properties of blazars over the whole elec-
tromagnetic spectrum, selection methods based on αox and
αro have long been used to search for new blazars. For ex-
ample, Schachter et al. (1993) discovered 10 new BL Lacs
via a multi-frequency approach with radio, optical and X-
ray data, and their BL Lac nature with optical spectra.
HSP blazars play a crucial role in very high energy
(VHE) astronomy. Observations have shown that HSPs
are bright and variable sources of high energy γ-ray
photons (TeVCat)1 and that they are likely the dom-
inant component of the extragalactic VHE background
(Padovani et al. 1993; Giommi et al. 2006; Di Mauro et al.
2014; Giommi & Padovani 2015; Ajello et al. 2015). In fact,
most of the extragalactic objects detected so far above a few
1 http://tevcat.uchicago.edu
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GeV are HSPs (Giommi et al. 2009; Padovani & Giommi
2015; Arsioli et al. 2015; Ackermann et al. 2016, see also
TeVCat). However, it is known that only a few hundred
HSP blazars are above the sensitivity limits of currently
available γ-ray surveys. For example, the 1WHSP cata-
log (Arsioli et al. 2015, hereafter Paper I), which was the
largest sample of HSP blazars when it was published, shows
that out of the 992 objects in the sample, 299 have an asso-
ciated γ-ray counterpart in the Fermi 1/2/3FGL catalogs.
Nevertheless there is a considerable number of relatively
bright HSPs which still lack a γ-ray counterpart. These are
likely faint point-like sources at or below the Fermi-LAT,
detectability threshold and were not found by the auto-
mated searches carried out so far. Indeed, Arsioli & Chang
(2016) have detected ≈ 150 new γ-ray blazars based on a
specific search around bright WHSP sources, using over 7
years of Fermi-LAT Pass 8 data.
In the most energetic part of the γ-ray band photons
from high redshift sources are absorbed by the extragalactic
background light (EBL) emitted by galaxies and quasars
(Dermer et al. 2011; Pfrommer et al. 2013; Bonnoli et al.
2015). Therefore, the TeV flux can drop by a very large
factor compared to GeV fluxes, making distant TeV sources
much more difficult to detect. Paper I has shown that with
the help of multi-wavelength analysis, HSP catalogs can
provide many good candidates for VHE detection.
The currently known HSP blazars are listed in cata-
logs such as the 5th Roma-BZCAT (Massaro et al. 2015,
hereafter 5BZCat), the Sedentary Survey (Giommi et al.
1999, 2005; Piranomonte et al. 2007), Kapanadze (2013),
and Paper I. However, the number of known HSPs is still
relatively small with less than ≈ 1000 cataloged HSPs
till now. Significantly enlarging the number of high energy
blazars is important to better understand their role within
the AGN phenomenon, and should shed light on the cos-
mological evolution of blazars, which is still a matter of
debate.
The 5BZCat is the largest compilation of confirmed
blazars, containing 3561 sources, around 500 of which are
of the HSP type. It includes blazars discovered in surveys
carried out in all parts of the electromagnetic spectrum
and is also based on an extensive review of the litera-
ture and optical spectra. The Sedentary survey comprises
150 extremely high X-ray to radio flux ratio (log fx/fr ≥
3 × 10−10 erg cm−2 s−1 Jy−1) HSP BL Lacs. The sam-
ple was obtained by cross-matching the RASS catalog of
bright X-ray sources (Voges et al. 1999) and the NVSS
1.4 GHz radio catalog (Condon et al. 1998). Kapanadze
(2013) built a catalog of 312 HSPs with flux ratio (fx/fr ≥
10−11 erg cm−2 s−1 Jy−1) selected from various X-ray cat-
alogs, the NVSS catalog of radio sources, and the first edi-
tion of the Roma−BZCAT catalog (Massaro et al. 2009).
The 1WHSP sample relied on a pre-selection based on
Wide-field Infrared Survey Explorer (WISE) IR colours,
SED slope criteria, and νpeak > 10
15 Hz. It includes 992
known, newly-identified, and candidate high galactic lati-
tude (b > |20◦|) HSPs.
In a series of papers Massaro et al. (2011);
D’Abrusco et al. (2012); Massaro et al. (2012) showed
that most blazars occupy a specific region of the IR
colour-colour diagram, which they termed the blazar strip.
In Paper I we extended the blazar strip in the WISE
colour-colour diagram to include all the Sedentary Survey
blazars and called it the Sedentary WISE colour domain
(SWCD). The SWCD is wider than the WISE blazar strip
since it contains some blazars whose host galaxy is very
bright, such as MKN421 (2WHSP J110427.3+381230) and
MKN 501 (2WHSP J165353.2+394536). We understood
from previous work that many low-luminosity HSP blazars
have the IR colours dominated by the thermal component
of the host giant elliptical galaxy. Therefore, a selection
scheme adopting IR colour restrictions may work effectively
for selecting cases where the non-thermal jet component
dominates the IR band but is less efficient for selecting
galaxy dominated sources (since they are spread over a
larger area in the IR colour-colour plot).
In the present paper we extend the previous 1WHSP
catalog to lower Galactic latitudes (b > |10◦|) building the
larger and more complete 2WHSP catalog including over
1600 blazars expected to emit at VHE energies by means
of multi-frequency data.
2. Building the largest sample of HSP blazars
2.1. Initial data selection by spatial cross-matching
Blazars are known to emit electromagnetic radiation over
a very wide spectral range, from radio to VHE photons.
As discussed in Paper I, an effective way of building large
blazar samples is to work with multi-frequency data, es-
pecially from all-sky surveys, and apply selection criteria
based on spectral features that are known to be specific to
blazar SEDs.
We followed Paper I and started by cross-matching
the AllWISE whole sky infrared catalog (Cutri et al. 2013)
with three radio surveys (NVSS, FIRST, and SUMSS:
Condon et al. 1998; White et al. 1997; Manch et al. 2003).
To take into account the positional uncertainties associated
with each target, we used matching radii of 0.3 arcmin for
the NVSS and the SUMSS surveys and 0.1 arcmin for the
FIRST catalog. Then we performed an internal match for
all IR-radio sources to eliminate duplicate entries coming
from the different radio catalogs. Keeping only the best
matches between radio and IR, we selected 2,137,505 ob-
jects.
After that, we demanded all radio-IR matching sources
to have a counterpart in one of the X-ray catalogs avail-
able to us (RASS BSC and FSC, 1SWXRT and deep
XRT GRB, 3XMM, XMM slew, Einstein IPC, IPC slew,
WGACAT, Chandra, and BMW: Voges et al. 1999, 2000;
D’Elia et al. 2013; Puccetti et al. 2011; Rosen et al. 2016;
Saxton et al. 2008; Harris et al. 1993; Elvis et al. 1992;
White et al. 2000; Evans et al. 2010; Panzera et al. 2003).
Therefore we cross-matched the IR-radio subsample with
each X-ray catalog individually, taking into account their
positional errors. For instance, a radius of 0.1 arcmin was
adopted for the cross-correlations (as in Paper I) unless the
positional uncertainty of a source was reported to be larger
than 0.1 arcmin, as e.g. in the case of many X-ray detec-
tions in the RASS survey. In these cases, we used the 95%
uncertainty radius (or ellipse major axis) of each source as
maximum distance for the cross match. Some X-ray cat-
alogs have a very wide range of positional uncertainties,
thus we separated the data by positional errors and used
different cross-matching radii for these X-ray catalogs. The
radii used for cross-matching the IR-radio subsample with
each X-ray catalog are reported in Table 1. We also re-
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stricted the sample by Galactic latitude |b| > 10◦ to avoid
complications in the Galactic plane. We combined all the
IR-radio-X-ray matching sources and applied an internal
cross-check keeping only single IR sources within 0.1 ar-
cmin radius; this procedure reduced the sample to 28,376
objects.
Catalog Error position Cross-matched
radius
RASS 0-36 arcsec 0.6 arcmin
>37 arcsec 0.8 arcmin
Swift 1SWXRT 0-5 arcsec 0.1arcmin
>5 arcsec 0.2 arcmin
Swift deep XRT GRB all data 0.2 arcmin
3XMM DR4 0-5 arcsec 0.1 arcmin
>5 arcsec 0.2 arcmin
XMM Slew DR6 all data 10 arcsec
Einstein IPC all data 40 arcsec
IPC Slew all data 1.2 arcmin
WGACAT2 all data 50 arcsec
Chandra all data 0.1 arcmin
BMW all data 0.15 arcmin
Table 1. The cross-matching radii of the X-ray catalogs.
2.2. Further selection based on broad-band spectral slopes
Here we take advantage of the fact that HSP blazars show
radio to X-ray SEDs that distinguish them from any other
type of extragalactic sources by imposing two constraints
on the spectral slopes, namely:
0.05 < α1.4GHz−3.4µm < 0.45
0.4 < α4.6µm−1keV < 1.1
(1)
where αν1−ν2 = −
log(fν1/fν2)
log(ν1/ν2)
,
that is the same conditions applied to the 1WHSP cat-
alog, with the exception that here we do not apply the cri-
terion −1.0 < α3.4µm−12.0µm < 0.7. This choice was neces-
sary to prevent the loss of IR galaxy-dominated HSPs which
could still be promising VHE candidates (see Massaro et al.
2011; Arsioli et al. 2015, for details). The parameter ranges
given above are derived from the shape of the SED of HSP
blazars, which is assumed to be similar to those of three
well-known bright HSPs, i.e. MKN 421, MKN 501, and PKS
2155−304 shown in Fig. 3 of Paper I, which also fit within
the limiting slopes (α1.4GHz−3.4µm and α4.6µm−1keV) used
for the selection.
By avoiding the application of the IR slope constraints
used for the 1WHSP sample, we select more HSP candi-
dates, reducing the incompleteness at low radio luminosities
where the IR flux is often dominated by the host galaxy.
2.3. Deriving νpeak and classifying the sources
The final pre-selection led to a sample of 5,518 HSP-
candidates, 922 of which are also 1WHSP sources. Note
that this initial sample includes most of the HSP blazars
that had to be added to the 1WHSP sample as additional
previously known sources that were missed by the origi-
nal selection procedure. To refine and further improve the
quality of the sample we used the ASDC SED builder tool2
to examine in detail all 5,518 candidates, accepting only
those with SEDs that are consistent with that of genuine
HSPs. Finally the synchrotron component of each object
that passed our screening was fitted using a third degree
polynomial function so as to estimate parameters such as
νpeak, and νpeakfνpeak , the energy flux at the synchrotron
peak.
The host galaxies of HSP blazars are typically giant
ellipticals, and their optical and near IR flux sometimes
dominate the SED in these bands. In order to only fit the
synchrotron component of HSP blazars, it is crucial to dis-
tinguish the non-thermal nuclear radiation from the flux
coming from the host galaxy. To do so we used the standard
giant elliptical galaxy template of the ASDC SED builder
tool to judge if the optical data points were due to the
host galaxy or from non-thermal synchrotron radiation. If
the source under examination had ultraviolet data (such
as Swift-UVOT or GALEX measurements) it was straight-
forward to tell if there was non-thermal emission from the
object.
In addition, to avoid selecting objects with misaligned
jets, which are expected to be radio-extended, the accepted
spatial extension of the radio counterparts (as reported in
the original catalogues) was limited to 1 arcmin. This pro-
cedure was carried out whenever possible, based on the
1.4 GHz radio image from NVSS, which includes the en-
tire sky north of δ = −40◦, similarly to what had been
done for the 1WHSP catalog. We could also identify ra-
dio extended sources from their SED, since radio extended
objects typically display a steep radio spectrum. All cases
where we could find evidence of radio (or X-ray, typically
from clusters: see below) extension were eliminated from
the sample. At the end of this process we only accepted
objects with νpeak > 10
15 Hz (Padovani & Giommi 1995).
Clearly, most bright sources in the current list are also
included in the 1WHSP catalog. Many of the new catalog
entries are fainter sources or objects located at low Galactic
latitudes (10◦ < |b| < 20◦). In some cases the optical data
were consistent with thermal emission from the host galaxy,
and the few radio, IR, or X-ray measurements that could be
related to non-thermal emission were very sparse. Clearly,
more multi-frequency data are needed for these sources.
We still have a number of unclear cases due to the lack
of good multi-frequency data. We flagged them accordingly.
In addition, since the positional accuracy in X-ray surveys
is usually not as precise as that of optical or radio surveys,
the position of the X-ray counterparts sometimes may be 20
to 40 arcsec away from the radio and optical counterparts,
introducing more uncertainty.
Many of the 2WHSP candidates have been observed by
SWIFT with multiple short exposures. To allow for a more
accurate estimation of νpeak and νpeakfνpeak we summed all
the SWIFT XRT observations that were taken within a 3
week interval.
2.4. Avoiding X-ray contamination from cluster of galaxies
Blazars are certainly not the only objects that emit X-
rays. For instance, galaxy clusters also show X-ray emis-
sion that is, however, normally spatially extended with a
spectrum that peaks at ≈ 1 − 3 KeV resulting from the
2 http://tools.asdc.asi.it/SED
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emission of giant clumps of hot and low density diffused
gas (≈ 108 K and ≈ 10−3 atoms/cm3: Sarazin 1988;
Bo¨hringer & Werner 2010; Pe´rez-Torres et al. 2009). Since
blazars and radio galaxies are often located in clusters of
galaxies, the X-rays from the hot gas, if not correctly identi-
fied, might cause the SED of the candidate 2WHSP source
to look like that of a HSP object, introducing a source of
contamination for our sample.
To avoid this problem we carried out an extensive check
of bibliographic references3 and catalogs of cluster of galax-
ies (e.g. ABELL, PGC, MCXC, ZW, WHL, etc), excluding
cases where cluster emission could be responsible for the
observed X-rays. In addition, we used Swift XRT imaging
data (which are available for ≈ 60% of our sample) to dis-
tinguish between X-ray emission from blazar jets, which is
point-like in the XRT count maps, and that from the clus-
ters, which is often extended. The same procedure was fol-
lowed using XMM images, whenever these could be found in
the public archive. In addition, we cross-matched our sam-
ple with the positions of RASS extended sources and with
those of the Planck catalog of Sunyaev-Zeldovich sources
(Planck Collaboration et al. 2015).
Finally, we visually inspected optical images and the er-
ror circle maps built with the ASDC explorer tool4 looking
for targets that could be related to clusters of galaxies.
To illustrate how we removed objects that satisfy our
multi-frequency selection criteria but where the X-ray flux
is likely due to extended emission from a cluster of galaxies,
we consider the example of WHL J151056.1+054441. This
is a giant cluster of galaxies also cataloged as Abell2029. As
the strong X-ray emission is clearly extended both in the
Swift-XRT and XMM images (see Fig. 1) this source was
removed from our HSP catalog.
Another example is shown in Fig. 2, where the candi-
date blazar is at the center of the cluster of galaxies LCRS
B113851.7−115959. Although the X-ray emission is overall
extended, the region around the sources shows clumps, and
there are several X-ray detections; the non-thermal emis-
sion is very clear in the SED. Apparently, there is an AGN
in the center that also emits in the UV. However, based on
the available data we cannot know if the X-ray is mainly
from the non-thermal jet or from the cluster and therefore
we did not include this source in the catalog.
Fig. 1. Optical (left) and X-ray (right: XRT count map)
iamges of WHL J151056.1+054441.
3 For the cross-check with ADS references on each source we
have used the Bibliographic Tool available on the ASDC website.
4 http://tools.asdc.asi.it
Fig. 2. Top: optical (left) and X-ray (right: XRT count
map) images of LCRS B113851.7−115959. Bottom: the
SED of LCRS B113851.7−115959.
3. Improving the sample completeness
The procedure described above led to the selection of 734
new HSPs in addition to those already included in the
1WHSP catalog, including previously known, newly discov-
ered, and candidate blazars. For each source we adopted as
best coordinates those taken from the WISE catalog.
To evaluate the efficiency of our method of selecting
VHE emission blazars, we cross-matched the sample of
1,647 objects with the Second Catalog of Hard Fermi-LAT
Sources (2FHL) (Ackermann et al. 2016) and with TeVCat.
Only 146 of the 360 sources in the 2FHL catalog (257
at |b| > 10◦) are also in this preliminary sample. To verify
if there are genuine HSPs in the 2FHL catalog that were
missed by our selection, we closely examined the remaining
214 2FHL sources to see if they are cataloged as blazars. We
found 31 high Galactic latitude blazars with νpeak > 10
15
Hz that could be added to the catalog. These sources were
initially missed since they just did not match the optical-X-
ray slope criteria (equation 1) during the preliminary selec-
tion process. This selection inefficiency could be due to flux
variability, lack of sufficiently high quality multi-frequency
data, or simply to a non-optimal choice of parameter values
in equation 1. Out of the 177 HSPs located at |b| > 10◦ in
the 2FHL catalog our selection method detected 146 ob-
jects, for an efficiency of 82.5%.
In addition, there are 14 HSP blazars in the 2FHL cat-
alog that are located at latitudes |b| < 10◦, the area of sky
that was not considered in our work to reduce complica-
tions connected to the Galactic plane. Since our aim is to
4
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provide the most complete list of HSPs we added to the
2WHSP catalog the 14 low latitude objects as well as all
additional HSPs found in the 2FHL catalog, for a total of 45
sources. Only one good HSP blazar found among the 2FHL
low Galactic latitude sources had no WISE data (2WHSP
J135340.2−663958.0). We used the radio position instead
of the IR position in this case.
We then checked catalogs of sources detected at TeV
energies. Currently, the most complete list of objects de-
tected in this band is TeVCat, which consists of 175
sources detected by Imaging Atmospheric/Air Cherenkov
Telescope/Technique (IACT). At present there are three
main IACT systems operating in the ∼ 50 GeV to 50 TeV
range: the High Energy Stereoscopic System (H.E.S.S.),
MAGIC (Major Atmospheric Gamma Imaging Cherenkov
Telescopes), and VERITAS (Very Energetic Radiation
Imaging Telescope Array System). There are 38 TeVCat
sources that are also in the 2WHSP catalog. We therefore
checked the other high Galactic latitude sources to see if
they were classified as HSP blazars, concluding that only
one HSP source was missed. Note that previously we had
already added 3 TeV sources to the 1WHSP catalog, since
these were missed during its selection. In total there are 39
HSPs at |b| > 10◦ in TeVCat, 35 of which satisfy out selec-
tion criteria. Our selection efficiency in this case is 89.7%.
As in the case of the 2FHL catalog all missing sources
have been lost because they just did not meet the slope
criteria used in section 2.2. In all cases, however the spectral
parameters turned out to be very close to the limits of the
selection criteria, and νpeak was ≈ 10
15 Hz.
The final 2WHSP catalog includes a total of 1691
sources, 288 of which are newly identified HSPs, 540 are pre-
viously known HSPs, 814 are HSP candidates, 45 are HSP
blazars taken from the 2FHL catalog, and 4 from TeVcat.
The complete list of 2WHSP sources is shown in Table 5.
We will further discuss the incompleteness due to the
inefficiency in finding sources peaking at or just above 1015
Hz in section 4.1.
4. Discussion
4.1. The νpeak distribution
The νpeak distribution of the 2WHSP sources is shown in
Fig. 3. The peak of the distribution is located at≈ 1015.5 Hz
and not at the threshold of νpeak = 10
15 Hz used for the
sample selection. This is very likely due to incompleteness of
the sample near the νpeak threshold, as our selection criteria
were tuned to avoid too large an LSP contamination. The
distribution is similar to that of the 1WHSP sample and of
the subsample of HSP sources in the 5BZCat
When compared with other catalogs of extreme blazars,
the peak value of the νpeak distribution of our sample
is lower. For example the Sedentary and the Kapanadze
(2013)(hereafter K13) catalogs have peak values ≈ 1016.8
and ≈ 1016.7 Hz, respectively. This difference results from
the criteria used and the different selected methods. The
Sedentary and Kapanadze (2013) catalogs, for example,
were tuned to select sources with very large νpeak values.
Note that the νpeak of some sources is particularly high,
with values >∼ 10
18 Hz. We discuss these extreme sources
in the next section.
Sometimes, the severe variability of HSPs may result in
displacements for νpeakin different phases, such as MRK501
Fig. 3. The νpeak distribution. The black solid line, blue
dotted line, and red dashed line denote well estimated νpeak,
uncertain νpeak, and lower limits on νpeak, respectively.
(See Fig. 8); not to mention that the intense variability will
make the νpeakfνpeakvary 1-2 order or even worser. In these
cases, we fit the νpeakand νpeakfνpeakwith the mean values in
order to estimate the proper values for Synchrotron compo-
nent averagely. By doing so, we avoid having extreme values
for Synchrotron peak and reduce the effects of variability.
4.2. The highest νpeak blazars
There are several sources in the 2WHSP sample with
νpeak around or above 10
18Hz; these are usually called
”extreme blazars”. Values of νpeak
>
∼ 10
18 Hz imply
that the electrons responsible for the synchrotron ra-
diation must be accelerated to extremely high energies
(see the Introduction and e.g. Rybicki & Lightman 1986;
Costamante et al. 2001).
It is hard to estimate the positions of the synchrotron
peak for such extreme sources, as the available data in the
X-ray band is often limited to a few keV, where most of the
sensitive existing detectors operate. For about 60 sources
we could not estimate well the frequency of the synchrotron
peak since the soft X-ray data show a still rising spectrum in
the SED, and no hard X-ray data exist to cover the peak of
the emission. In these cases we could only estimate a lower
limit to νpeak. For some strong X-ray variable sources with
many X-ray observations we also could not obtain well-
estimated νpeak values with the third degree polynomial
fitting in ASDC SED tool since the curvature in the X-ray
spectrum (and with it νpeak) changes with time. However,
in all these cases the available multi-frequency data imply
that the synchrotron peak is within the X-ray band; in these
sources we estimated an average νpeak value using a second-
degree polynomial in the X-ray band.
Table 2 gives the list of all the extreme sources with
νpeak ≥ 10
17.7 Hz; it includes many more such objects than
any previous catalog. These extreme sources are particu-
larly importance since they may be candidate VHE, neu-
trino or ultra high energy cosmic ray (UHECR) sources
(section 4.6 and 4.7). Figure 4 to 8 illustrate five examples
of SEDs of representative objects from Table 2.
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Fig. 4. The SED of the extreme object 2WHSP
J023248.5+201717. The dark blue points are ebl- deab-
sorbed data from Finke et al. (2015). See text for details.
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Fig. 5. The SEDs of the extreme object 2WHSP
J035257.4−683117. See text for details.
• 2WHSP J023248.5+201717 (1ES0229+200).
This is an extreme source with VHE data available (the
ebl-deabsorbed VHE data shown as black filled circles
are from Finke et al. 2015). The synchrotron peak is
at ∼ 1018 − 1019 Hz and the peak flux is one of the
highest among the 2WHSP sources. In the VHE band,
once one corrects the VHE fluxes for EBL absorption,
the inverse Compton peak will be at energies > 1 TeV.
• 2WHSP J035257.4−683117. This is a known blazar
with log νpeak ≈ 18.1. It has hard X-ray and γ-ray de-
tections but no TeV detection yet. This source might be
a good target for next generation TeV telescopes. This
source is not in 5BZCat yet.
• 2WHSP J215305.2−004229 (5BZBJ2153−0042).
This source has a very hard X-ray spectrum and the
SED in the X-ray band keeps increasing up to the high-
est energies, implying a νpeak larger that 10
18 Hz. The
X-ray emission is not likely to be related to a cluster of
galaxy as it is compact. It has γ-ray data and may be a
good TeV candidate source.
• 2WHSP J143342.7−730437. This is another exam-
ple of a very hard X-ray SED. It has UV data but did
not have any γ-ray data yet; however, this source is
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Fig. 6. The SED of the extreme object 2WHSP
J215305.2−004229. See text for details.
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Fig. 7. The SEDs of the extreme object 2WHSP
J143342.7−730437. See text for details.
in the list of new γ-ray detections in Arsioli & Chang
(2016).
• 2WHSP J165352.2+394536. This is the well-known
HSP MRK501. On average log νpeak ∼ 17.9 Hz; how-
ever, during an X-ray flare, as shown by the BeppoSAX
data (yellow points in the SED, Giommi et al. (2002)),
νpeak reached > 10
18 Hz. Note that in Pian et al.
(1998), they discussed the BeppoSAX observation of
MRK501 in April, 1997 and showed that the νpeakof
that shift at least two orders of magnitude w.r.t. pre-
vious observations of that. The scenario is seen for the
first time at that time.
4.3. The redshift distribution
Some 2WHSP sources lack redshift as their optical spec-
tra are completely featureless. As in Paper I, we estimated
lower limit redshifts for these sources. Assuming that in
the optical band the host galaxy is swamped by the non-
thermal emissions and leaves no imprint on the optical
spectrum when the observed non-thermal flux is at least
ten times larger than the host galaxy flux, we used the dis-
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Source logνpeak logνpeakfνpeak note
2WHSPJ003322.3−203907 17.9 -11.9 new HSP
2WHSPJ004013.7+405003 >17.5 >-11.5 5BZU, lower limit
2WHSPJ012308.5+342048 18.0 -10.8 5BZB, TeV source
2WHSPJ013803.7−215530 >17.5 >-12.0 blazar candidate lower limit
2WHSPJ015657.9−530159 18.0 -11.1 5BZB
2WHSPJ020412.9−333339 17.9 -11.7 5BZB, new γ-ray identification
2WHSPJ023248.5+201717 18.5 -11.0 5BZG, TeV source*
2WHSPJ032056.2+042447 17.9 -11.7 blazar candidate, new γ-ray identification
2WHSPJ032356.5−010833 >17.5 >-11.9 5BZB, TeV source, lower limit
2WHSPJ034923.1−115926 17.9 -11.0 5BZB, TeV source
2WHSPJ035257.4−683117 18.1 -11.0 previously known BL Lac*
2WHSPJ050419.5−095631 17.9 -11.6 new HSP, new γ-ray identification
2WHSPJ050709.2−385948 >17.5 >-12.2 blazar candidate, lower limit
2WHSPJ050756.0+673723 17.9 -10.7 5BZB, TeV source
2WHSPJ055040.5−321615 18.1 -10.7 5BZG, TeV source
2WHSPJ055716.7−061706 17.9 -11.5 blazar candidate, new γ-ray identification
2WHSPJ064710.0−513547 17.9 -11.2 blazar candidate
2WHSPJ071029.9+590820 18.1 -10.7 5BZB, TeV source
2WHSPJ073326.7+515354 17.9 -11.3 blazar candidate
2WHSPJ081917.5−075626 18.0 -11.5 5BZB, TeV source
2WHSPJ083251.4+330011 18.0 -12.0 5BZB, new γ-ray identification
2WHSPJ084452.2+280409 17.9 -12.3 new HSP
2WHSPJ092057.4−225720 >17.5 >-11.6 new HSP, lower limit
2WHSPJ094620.2+010450 17.9 -11.8 5BZB, TeV source
2WHSPJ095849.0+013218 17.9 -12.3 new HSP, new γ-ray identification
2WHSPJ102212.6+512359 18.2 -11.7 5BZG, new γ-ray identification
2WHSPJ104651.4−253544 >18.0 >-11.5 5BZB
2WHSPJ105606.6+025213 17.9 -11.5 5BZG
2WHSPJ110357.1+261117 17,9 -12.2 new HSP
2WHSPJ110651.7+650603 17.9 -12.7 blazar candidate
2WHSPJ110804.9+164820 17.9 -12.7 new HSP
2WHSPJ112313.2−090424 17.9 -12.4 blazar candidate
2WHSPJ113209.1−473853 >17.5 >-11.6 blazar candidate, lower limit
2WHSPJ113630.1+673704 18.1 -11.1 5BZB, TeV source
2WHSPJ121323.0−261806 17.9 -11.2 5BZB
2WHSPJ122044.5+690525 >17.5 >-12.0 blazar candidate, lower limit
2WHSPJ122208.6+030718 >17.5 >-11.8 new HSP, lower limit
2WHSPJ122514.2+721447 >17.5 >-11.8 lower limit, 5BZB
2WHSPJ125341.2−393159 17.9 -11.3 5BZG, new γ-ray identification
2WHSPJ125708.2+264924 >17.5 >-12.3 new HSP, lower limit
2WHSPJ132239.1+494336 >17.5 >-12.1 new HSP, lower limit
2WHSPJ132541.8−022809 17.9 -12.0 5BZB, new γ-ray identification
2WHSPJ140027.0−293936 >17.5 >-12.1 blazar candidate, lower limit
2WHSPJ140121.1+520928 >17.5 >-12.0 5BZB, lower limit
2WHSPJ142832.5+424020 18.1 -10.7 5BZB, TeV source
2WHSPJ143342.7−730437 >17.5 >-11.5 blazar candidate, lower limit, new γ-ray identification*
2WHSPJ151041.0+333503 >17.5 >-11.5 5BZG, lower limit, new γ-ray identification
2WHSPJ151618.7−152344 18.0 -11.7 5BZB, new γ-ray identification
2WHSPJ153646.6+013759 >18.0 >-11.7 5BZB
2WHSPJ160519.0+542058 17.9 -12.0 5BZB, new γ-ray identification
2WHSPJ161004.0+671026 >17.5 >-11.8 5BZB, lower limit, new γ-ray identification
2WHSPJ161414.0+544251 17.9 -12.6 blazar candidate
2WHSPJ161632.8+375603 18.0 -12.1 5BZG
2WHSPJ161632.8+375603 18.0 -12.1 5BZG
2WHSPJ162330.4+085724 >17.5 >-12.1 new HSP, lower limit, new γ-ray identification
2WHSPJ165352.2+394536 17.9 -10.2 Variability, flaring, 5BZB, TeV source*
2WHSPJ171902.2+552433 17.9 -12.5 known blazar
2WHSPJ194333.7−053352 >17.5 >-11.8 blazar candidate
2WHSPJ194356.2+211821 18.1 -11.0 new HSP, TeV source
2WHSPJ205528.2−002116 >18.0 >-10.9 5BZB, TeV source, lower limit
2WHSPJ214410.0−195559 17.9 -12.4 blazar candidate
2WHSPJ215305.2−004229 >18.0 >-11.4 5BZB, lower limit*
2WHSPJ223248.7−202226 17.9 -11.7 blazar candidate
2WHSPJ225147.5−320611 >18.0 >-11.3 5BZU, lower limit, new γ-ray identification
Table 2. The extreme synchrotron peaked sources. The sources marked with * are discussed in the text and shown in
Figure 4 to 8.
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Fig. 8. The SEDs of the extreme object 2WHSP
J165352.2+394536. See text for details.
tance modulus (for details, see eq. 5 in Paper I) to calculate
the lower limits redshifts. For the others, we obtained the
redshifts from the references listed in Table 5.
Fig. 9 shows the redshift distribution, which peaks just
above 0.2. For all 2WHSP sources, 〈zall〉 = 0.371±0.005; for
firm redshift 2WHSP sources, 〈z〉 = 0.331± 0.008. Clearly,
sources without firm redshift are on average farther away
than sources with firm redshift. High redshift sources in
flux limited samples tend to have featureless optical spec-
tra as the host galaxy contribution is overwhelmed by the
synchrotron emission. Giommi et al. (2012) have predicted
that the redshift distribution of BL Lacs without redshift in
radio flux limited surveys will peak around zpredict ≈ 1.2.
The results again suggest that all source with only lower
limit redshift or without redshift could be much further
away than objects with measured redshift.
Considering only sources with firm z values, the redshift
distribution of 2WHSP sources is similar but not identical
to other HSP catalogs/subsamples. The average redshift of
the 1WHSP catalog is 〈z1whsp〉 = 0.306, that of the subsam-
ple of HSPs (νpeak > 10
15 Hz) in 5BZCat is 〈zbzcat〉 = 0.294,
that of the Sedentary sources is 〈zs〉 = 0.320, and that of
the K13 catalog is 〈zk〉 = 0.289. For instance in K13, the
redshifts range is 0.031 < zk < 0.702, while in this paper we
selected a number of sources with relatively high redshift
(z > 0.7) that are not in previous catalogs.
4.4. The radio logN-logS of HSP blazars
The estimation of the statistical properties, such as the
logN-logS of a population of sources, requires the availabil-
ity of flux limited and complete samples. As we demand
that all 2WHSP sources have a radio, IR and X-ray coun-
terpart, we must take into account the incompleteness re-
sulting from the fact that the only existing all sky X-ray
survey is not sufficiently deep to ensure the detection of all
radio and IR faint HSP blazars.
For the purpose of estimating the logN-logS we then
considered the subsample of 2WHSP sources that are in-
cluded in the RASS X-ray survey, which covers the entire
sky albeit with sensitivity that strongly depends on ecliptic
latitude (see Sec. 4.3 of Paper I for more details).
Fig. 9. The redshift distribution of 2WHSP sources. The
black solid line represents the sources with firm redshifts,
the red dashed line the sources with uncertain redshift, and
the blue dotted line the lower limits.
For each source in the 2WHSP-RASS subsample we
therefore calculated a contribution “ni” to the total den-
sity, as given by ni = 1/Ai deg
−2, where the parameter Ai
is the sky area covered by RASS with sensitivity sufficient
to detect the source in consideration. We then sum the con-
tribution of all sources in a given flux bin Nbin =
∑
ni and
obtain the logN-logS. We use this approach to estimate the
logN-logS of HSP blazars with respect to the radio flux den-
sity and the flux at the peak of the synchrotron component
νpeakfνpeak .
The integral radio logN-logS for the 2WHSP sam-
ple is shown in Fig. 10 where we also plot the logN-
logS for the Sedentary HBL (Giommi et al. 1999, 2005;
Piranomonte et al. 2007) for comparison. The dotted lines
correspond to a fixed slope of -1.5, the expected value
for a complete sample of a non-evolving population in a
Euclidean Universe. Since the radio surveys that we use
have different sensitivities in the northern and southern sky,
we considered only sources with δ > −40◦ and radio flux
density ≥ 5 mJy.
It is clear from Fig. 10 that the surface density of the
2WHSP sample is approximately a factor of ten larger than
that of the Sedentary survey, which is expected since the
latter includes more extreme sources (its νpeak distribu-
tion peaks at log νpeak ∼ 16.8, as compared to log νpeak ∼
15.5 for the 2WHSP sample). Apart from the different nor-
malizations the logN-logS of the two samples show similar
trends deviating from the Euclidean slope at radio flux den-
sities lower than ≈ 20 mJy. The 2WHSP flattening, how-
ever, appears to be stronger than the one of the Sedentary
survey, which suggests the onset of some degree of incom-
pleteness at lower radio flux densities, on top of the evo-
lutionary effects discussed by Giommi et al. (1999). The
2WHSP maximum surface density corresponds to a total
of ∼ 1, 900 HSP blazars over the whole sky. Given that
this number refers only to sources with 1.4 GHz flux den-
sity ≥ 5 mJy, and because of the incompleteness discussed
above, this has to be considered a robust lower limit.
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Fig. 10. The integral radio logN-logS at 1.4 GHz. The blue
filled circles denote the 2WHSP catalog, the green open
triangles indicate the Sedentary one, the red open squares
represent DXRBS BL Lacs of all types, while the red dia-
monds are the subsample of HBLs in the DXRBS (those in
the HBL box: see Padovani et al. 2007, for details). The
dashed lines have a slope of −1.5.
Fig. 10 shows also the 5 GHz5 number counts for
the Deep X-ray Radio Blazar Survey (DXRBS) BL
Lacs (red squares) and HBL only (red diamonds) from
Padovani et al. (2007). The latter are in very good agree-
ment with the 2WHSP number counts in the region of
overlap, which shows that our selection criteria are ro-
bust. Moreover, one can see a clear trend going from the
Sedentary survey to the 2WHSP sample and to the whole
BL Lac population, with an increase in number of a factor
≈ 10 at every step. Given the unbiased nature of radio se-
lection with respect to νpeak this is a direct consequence of
BL Lac demographics, with HBL making up only ∼ 10%
of the total (see also, e.g. Padovani et al. 2007).
4.5. The IR Colour-Colour plot
Figure 11 shows the WISE IR colour-colour diagram of
2WHSP sources, with signal to noise ratio (snr) in the W3
channel larger than 2, and the sources in the first WHSP
sample and HSP blazars in the 5BZCat list. As expected,
all of the 1WHSP sources are within the SWCD region as
this was one of the criteria of the selection. By dropping
the IR slope criterion (−1.0 < α3.4µm−12.0µm < 0.7) the
2WHSP sample includes more HSPs than the 1WHSP that
are located in the bottom-left region within the SWCD.
There are also 49 sources outside the SWCD region (see
Table 3), six of them also in 5BZCat. The sources at the
bottom are dominated by the host galaxy in the optical
and near IR bands (Class 1). The right part of Fig. 11 is
occupied by sources with problematic W3 photometry and
sources whose W3 magnitude has relatively small snr values
(typically < 4: Class 2). The sources located in the upper-
right region have W1 fluxes similar or slightly lower than
the W2 fluxes (Class 3). The class 3 sources may be IR
5 Given that BL Lacs typically have flat radio spectra we did
not convert the 5 GHz counts to 1.4 GHz.
Fig. 11. The IR colour-colour diagram. The black ones are
the sources we selected in 2WHSP but not in 1WHSP, the
red ones are the selected in 1WHSP, the blue crosses are the
sources also in 5BZCat. The yellow line marks the SWCD
region.
variable sources or could be blazars at the border between
ISP and HSP objects or might simply have poor W1 or
W2 photometry. All 49 sources were checked individually
and all of them are good HSP candidates. Thus, we suggest
that the SWCD region needs to be extended to include all
galaxy dominated HSPs.
4.6. Candidates for GeV and VHE γ-ray observations
Since HSPs are the dominant population in the extragalac-
tic VHE sky the 2WHSP catalog provides good candi-
dates for the search of sources in Fermi catalogues and
in the VHE band. The Figure of Merit (FOM, defined in
Arsioli et al. 2015, as the ratio between the synchrotron
peak flux νpeakfνpeak of a given source and that of the
faintest blazar in the 1WHSP sample that has already been
detected in the TeV band) was introduced to provide a
simple quantitative measure of potential detectability of
HSPs by TeV instruments. The FOM parameter is reported
for all 2WHSP sources and gives an objective way to as-
sess the likelihood that a given HSP may be detectable
as a TeV source. As discussed in Paper I, relatively high
FOM sources (FOM > 0.1) are good targets for observa-
tion with the upcoming Cherenkov Telescope Array (CTA).
Another upcoming instrument, the Large High Altitude
Air Shower Observatory (LHAASO), is currently designed
to survey the whole northern sky for γ-ray sources above
300 GeV, with unprecedented sensitivity. Therefore, high
FOM 2WHSP sources may also provide seed-positions for
searches of γ-ray signature embedded in LHAASO data
(Cao et al. 2010).
For example, 2WHSP J083724.6+145820 (see Fig. 12),
has νpeak ∼ 10
16.7 Hz and νpeakfνpeak∼ 10
−11 erg cm−2 s−1
(or FOM= 2), but it had no γ-ray counterpart until re-
cently. The green points in Fig. 12 correspond to the new
γ-ray data presented in Arsioli & Chang (2016). Another
example is 2WHSP J225147.5−320611, which has νpeak >
1018 Hz and νpeakfνpeak > 10
−11.3 erg cm−2 s−1 (FOM > 1),
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Source W1 mag W2 mag W3 mag W3 SNR
Class 1: Host galaxy dominated
2WHSPJ180408.8+004221 12.197 12.109 10.521 12.3
2WHSPJ085730.1+062726 13.349 13.303 12.101 2.7
2WHSPJ031250.2+361519 12.137 12.089 10.432 12.5
2WHSPJ090802.2−095936 11.586 11.523 10.406 15.0
2WHSPJ160740.0+254113 11.401 11.443 11.057 8.7
2WHSPJ013626.5+302011 15.961 15.914 12.905 2.2
2WHSPJ023109.1−575505 10.546 10.515 9.039 38.3
2WHSPJ085958.6+294423 14.881 14.802 12.166 3.0
2WHSPJ094537.0−301332 14.864 14.850 12.317 3.1
2WHSPJ120850.5+452951 14.811 14.749 12.629 2.6
2WHSPJ130711.8+115316 12.430 12.413 11.864 4.2
2WHSPJ195020.9+604750 12.675 12.679 12.640 3.2
2WHSPJ101514.2−113803 12.694 12.462 12.532 2.4
Class 2: Mainly problematic W3
2WHSP J000552.9−284502 15.501 15.370 12.450 2.3
2WHSP J004501.4+051215 14.170 13.795 10.822 3.1
2WHSP J082030.7−031412 15.118 14.676 11.749 3.0
2WHSP J082355.6+394747 15.509 15.141 12.086 3.3
2WHSP J100520.4+240503 15.324 14.946 11.988 3.0
2WHSP J113405.8+483903 15.108 15.005 12.422 2.4
2WHSP J122304.9+453444 15.246 14.841 12.033 4.0
2WHSP J122944.5+164004 15.265 14.965 11.925 3.2
2WHSP J124430.7+351002 15.782 15.080 11.964 3.6
2WHSP J140125.3+031629 16.550 15.775 12.476 3.1
2WHSP J144446.0+474256 15.840 15.427 12.630 3.2
2WHSP J162939.4+701448 16.763 16.233 12.662 3.2
2WHSP J175955.2+150109 15.907 15.690 12.404 2.8
2WHSP J195134.7−154929 14.702 14.417 11.715 3.4
2WHSP J212233.7+192527 15.201 14.683 11.739 4.9
2WHSP J215355.8−295443 15.914 15.733 12.440 2.2
class 3: W2 similar to or brighter than W1
2WHSP J002258.9−244022 15.056 13.894 11.104 8.4
2WHSP J022941.1−412050 14.773 13.747 11.113 9.0
2WHSP J024743.3−481545 15.164 14.059 11.382 10.5
2WHSP J025057.1−122612 15.081 14.001 11.332 8.3
2WHSP J054504.3+065809 14.953 14.049 11.129 5.9
2WHSP J071625.6+750700 15.768 14.634 12.147 5.3
2WHSP J093938.5−031502 15.328 14.445 11.535 5.0
2WHSP J095518.4−294611 14.321 13.149 10.526 14.2
2WHSP J120136.0−060733 15.247 14.168 11.430 3.5
2WHSP J135043.7−310926 14.359 13.202 10.817 12.5
2WHSP J172746.3−754618 14.039 12.883 10.522 15.3
2WHSP J180158.9+610938 15.332 14.164 11.598 9.9
2WHSP J185550.8+805223 16.492 15.580 12.638 3.4
2WHSP J202803.5+720513 15.440 14.459 11.671 13.1
2WHSP J204734.9+793759 16.494 15.328 12.753 2.9
2WHSP J213533.7+314919 14.312 13.223 10.711 12.0
2WHSP J233207.6−025245 15.108 14.037 11.387 5.0
2WHSP J233630.4−635634 14.599 13.391 10.788 12.0
Table 3. Sources outside the SWCD region
but also had no γ-ray counterpart in current available γ-
ray or VHE catalogs (1/2/3 FGL, 1/2 FHL, and TeVCat)
until it was detected by Arsioli & Chang (2016) thanks to
the 2WHSP, which points to promising x-ray targets.
To better assess the percentage of detection of HSP
blazars in the γ-ray band, in fact, Arsioli & Chang (2016)
have recently performed a dedicated γ-ray analysis of all
2WHSP sources with FOM ≥ 0.16, using archival Fermi-
LAT observations integrated over 7.2 years of observa-
tions. By using the position of 2WHSP sources as seeds
for the data analysis, ≈ 85 sources were identified at the
> 5σ (TS > 25) level, and another 65 at a less significant
(10 < TS < 25) level. These results demonstrate the po-
tential of HSP catalogs for the detection and identification
of γ-ray and VHE sources.
Apart from that, the CTA flux limit/sensitivity could
be as low as 3 × 10−13 erg cm−2 s−1 (Rieger et al. 2013)
or ∼ 1 mCrab at 1 TeV for 50-hour exposure. Clearly,
from Fig. 12, 2WHSP J083724.6+145820 and 2WHSP
J225147.5−320611 may be detected by CTA in the future
(since they are above the CTA sensitivity for exposure time
50 hours, the blue lines). Therefore, with the benefit of
multi-wavelength work, we provide here many candidates
for future VHE observations.
10
Y.-L. Chang et al.: 2WHSP: A catalog of HE and VHE γ-ray blazars and blazar candidates
Fig. 12. VHE observations candidates. Top: 2WHSP
J083724.6+145820; bottom: 2WHSP J225147.5−320611.
The red line and blue lines are the Fermi Pass 8 and CTA
sensitivities, respectively. The green circles are the data
from Fermi Pass 8, and the black points are the data from
other wavebands. The Pass 8 data are obtained from the
Fermi tool using the 2WHSP position. These sources are
not in the 3FGL catalog yet (see Arsioli & Chang 2016).
4.7. HSP blazars as neutrino and cosmic ray emitters?
Blazars have been considered as likely neutrino
sources for quite some time (e.g. Mannheim 1995).
Padovani & Resconi (2014) have suggested that blazars
of the HSP type, where particles are accelerated to the
highest energies, may be good candidates for neutrino
emission and presented evidence for an association between
HSP blazars and neutrinos detected by the IceCube South
Pole Neutrino Observatory6.
Petropoulou et al. (2015) further modelled the HE SED
of six HSPs selected by Padovani & Resconi (2014) as most
probable neutrino sources and predicted their neutrino
fluxes. All six predicted fluxes were consistent, within the
errors, with the observed neutrino fluxes from IceCube, es-
pecially so for two sources (MKN421 and H1914−194).
6 http://icecube.wisc.edu
Padovani et al. (2016) have recently cross-matched two
VHE catalogs and the 2WHSP with the most recent
IceCube neutrino lists (IceCube Collaboration 2015), mea-
suring the number of neutrino events with at least one γ-ray
counterpart. In all three catalogs they observed a positive
fluctuation with respect to the mean random expectation at
a significance level between 0.4 and 1.3%, with a p-value of
0.7% for 2WHSP sources with FOM >∼ 1. All HBLs consid-
ered to be the most probable counterparts of IceCube neu-
trinos are 2WHSP sources, which strongly suggests that
strong, VHE γ-ray HBLs are so far the most promising
blazar counterparts of astrophysical neutrinos.
Finally, Resconi et al. (2016) have presented evidence of
a direct connection between HSP, very high energy neutri-
nos, and ultra high energy cosmic rays (UHECRs) by cor-
relating the same catalogs used by Padovani et al. (2016)
with UHECRs from the Pierre Auger Observatory and the
Telescope Array. A maximal excess of 80 cosmic rays (41.9
expected) was observed for 2FHL HBL. The chance prob-
ability for this to happen is 1.6× 10−5, which translates to
5.5× 10−4 (3.26σ) after compensation for trials.
5. Conclusions
We have assembled the 2WHSP catalog, currently the
largest and most complete existing catalog of HSP blazars,
by using a multi-frequency method and a detailed compar-
ison with existing lists of γ-ray emitting blazars. 2WHSP
extends the previous 1WHSP catalog (Arsioli et al. 2015)
down to lower Galactic latitudes (|b| > 10◦) and to fainter
IR fluxes. In addition, it includes all the bright known HSP
blazars close to the Galactic plane. The 2WHSP sample in-
cludes 1,693 confirmed or candidates HSP blazars and was
also put together to provide a large list of potential targets
for VHE and multi-messenger observations.
The average νpeak for our catalog is 〈log νpeak〉 =
16.22 ± 0.02 Hz and the average redshift is 〈z〉 = 0.331 ±
0.008. We have shown that the SWCD region needs to be
extended to include HSPs in which the host galaxy is dom-
inant.
Our radio logN-logS shows that the number of HSP
blazars over the whole sky is > 2, 000 and that HBL make
up ∼ 10% of all BL Lacs.
Finally, we note that this catalog has already been used
to provide seeds for the identification of new Fermi-LAT ob-
jects and to look for astrophysical counterparts to neutrino
and UHECR sources (Padovani et al. 2016; Resconi et al.
2016), which proves the relevance of having a large HSP
catalog for multi-messenger astronomy.
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Table 4. 2WHSP sample. The first column shows the source name in the 2WHSP catalog, which are based on the IR posi-
tion (hms-J2000) from the WISE catalog. The column 5BZCat gives the source class: BZB-BZQ-BZU, and sources not in this
catalog are considered new blazars (if optical identification is available) or blazar-cadidates (if optical identification is not avail-
able). Upper/lower limits on redshift are taken from Shaw et al. (2013b) (a), Pita et al. (2014) (b), Furniss et al. (2013) (c),
Danforth et al. (2010) (d), Shaw et al. (2013a) (e), Masetti et al. (2013) (f), Sbarufatti et al. (2005) (g), or calculated by us (as
described in Arsioli et al. (2015)). The column Fermi-LAT shows the 2WHSP γ-ray counterpart in the Fermi catalogs 1/2/3FGL
(0.1-100GeV), and also lists complementary γ-ray detections (0.3-500GeV) from Arsioli & Chang (2016); their respective photon
indexes and uncertainties are listed in column Γ. The column 2FHL list sources detected at >50GeV from Ackermann et al. (2016),
and the column FOM represents the likelihood of detection in the TeV band (see sec 4.6). The lower limits and uncertain values
on log νpeak and log νfν are due to limited data, specially in the X-ray band. Entries marked with an asterisk are uncertain. The
full catalog is available at www.asdc.asi.it/2whsp containing complementary information and a direct link to the SED building
tool where the multi-frequency spectra for each source can be quickly visualized.
2WHSP J 5BZCat Log(νpeak) Log(νpeakfνpeak ) z Fermi-LAT Γ 2FHL J FOM
000116.3+293534 - 16.5∗ -12.9∗ - - - - 0.03
000116.9−315043 - 15.9 -12.3 - - - - 0.10
000132.6−415524 - 15.8 -11.7 - 3FGL J0002.2−4152 2.09±0.18 - 0.40
000158.0−115047 - 15.5 -12.4 - - - - 0.08
000215.1−672653 - 15.9 -11.9 - 3FGL J0002.0-6722 1.95±0.15 - 0.25
000236.0−081532 - 16.8 -12.3 - - - - 0.10
000319.5−524726 - 17.1 -11.9 - 3FGL J0003.2−5246 1.90±0.17 - 0.25
000513.6−261438 - 15.4 -12.6 - - - - 0.05
000552.9−284502 - 15.3 -12.6 - - - - 0.05
000626.8+013610 - 15.2 -12.5 - 3FGL J0006.2+0135 2.19±0.16 - 0.06
000701.5+510459 - 15.6 -12.5 - - - - 0.06
000835.2−233926 5BZB 17.0 -11.7 0.147 3FGL J0008.6−2340 1.60±0.17 - 0.40
000922.6+503028 5BZB 15.1 -11.8 - 3FGL J0009.3+5030 1.93±0.03 0009.3+503 0.32
000949.6−431650 - 15.6 -12.0 >0.56 Arsioli & Chang (2016) 2.10±0.15 - 0.20
000957.1+134058 - 16.2 -12.3 - - - - 0.10
001011.7+334851 - 15.2 -12.1 - - - - 0.16
001042.6−130817 - 15.5 -12.6 - - - - 0.05
001253.8−162656 - 15.4 -12.3 - - - - 0.10
001328.8+094929 - 16.4 -11.8 - Arsioli & Chang (2016) 2.35±0.23 - 0.32
001355.9−185406 5BZG 17.4 -11.3 0.094 3FGL J0013.9−1853 1.94±0.16 - 1.00
001411.3−502233 5BZB 17.5 -11.6 0.01∗ 3FGL J0014.0−5025 1.92±0.15 - 0.50
001441.9+162125∗ - >16.0 >-12.8 - - - - 0.03
001453.5−151403 - 16.8 -12.7 - - - - 0.04
001527.8+353638 5BZB 16.7 -12.0 >0.57 Arsioli & Chang (2016) 1.98±0.23 - 0.20
001538.6+755544∗ - 16.7∗ -12.7∗ - - - - 0.04
001541.8+121845 - 15.8 -12.3 - - - - 0.10
001827.7+294730 5BZB 17.1 -11.4 0.1∗ 3FGL J0018.4+2947 1.86±0.21 0018.5+294 0.79
001916.1+053148∗ - 16∗ -12.9∗ - - - - 0.03
002200.0−514023 5BZB 15.7 -11.2 0.25 3FGL J0022.1−5141 1.99±0.08 - 1.26
002200.9+000657 5BZG 16.3 -11.8 0.306 - - 0022.0+000 0.32
002209.4−670509∗ - 16.0∗ -12.3∗ - - - - 0.10
002254.8−341346 - 15.3 -12.5 - - - - 0.06
002258.9−244022 - 15.7 -12.2 - - - - 0.13
002635.5−460109 5BZB 16.1 -11.6 - 3FGL J0026.7−4603 2.45±0.17 - 0.50
002928.6+205332 - 16.3 -12.3 - Arsioli & Chang (2016) 1.46±0.22 - 0.10
003020.4−164712 - 15.6 -11.7 0.237 3FGL J0030.2−1646 1.65±0.13 - 0.40
003120.5−233400 - 16.1 -12.1 >0.43 - - - 0.16
003120.6+051332 - 16.6 -12.1 - - - - 0.16
003222.5−472536 - 16.1 -12.3 - - - - 0.10
003322.3−203907 - 17.9 -11.9 0.073 - - - 0.25
003333.1+502956 - 16.4 -12.3 - - - - 0.10
003334.3−192132 5BZB 15.7 -11.0 >0.506(b)3FGL J0033.6−1921 1.71±0.03 0033.6−192 2.00
003358.7+390630 - 16.6 -12.5 - - - - 0.06
003514.6+151503 5BZB 15.1 -11.5 >0.64(e) 3FGL J0035.2+1513 1.81±0.08 - 0.63
003532.8−131713 - 15.5 -12.2 - - - - 0.13
003539.5−181650 - 15.4 -11.9 0.32 - - - 0.25
003631.6−031326 - 16.0 -12.3 - - - - 0.10
003736.1−230225 - 17.6∗ -12.5∗ - - - - 0.06
003908.2−222000 - 16.7 -11.9 0.064 3FGL J0039.0−2218 1.72±0.19 - 0.25
004013.7+405003 5BZU >17.5 >-11.5 - 3FGL J0040.3+4049 1.13±0.33 0040.3+404 0.63
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Table 4. continued.
2WHSP J 5BZcat Log(νpeak) Log(νpeakfνpeak ) z Fermi-LAT Γ 2FHL J FOM
004040.7−232200 - 16.6 -12.2 - - - - 0.13
004143.1+083317 - 16.0 -12.3 - - - - 0.10
004146.9−470136 - >17.0 >-11.8 - Arsioli & Chang (2016) 1.73±0.27 - 0.32
004202.2−143559 - 15.5 -12.6 - - - - 0.05
004208.0+364112 5BZB 16.8 -11.9 >0.47 3FGL J0041.9+3639 1.98±0.2 - 0.25
004322.8+180845 - 16.5 -12.4 - - - - 0.08
004332.5+754517 - 16.0 -12.2 - - - - 0.13
004334.0−044300 - 16.7 -11.9 >0.48 3FGL J0043.5−0444 1.73±0.22 - 0.25
004348.6−111606 - 15.7 -11.6 0.264 3FGL J0043.7−1117 1.59±0.15 - 0.50
004501.4+051215 - 16.1 -12.5 - - - - 0.06
004519.2+212739 5BZB 15.9 -11.2 - 3FGL J0045.3+2126 1.90±0.05 0045.2+212 1.26
004523.2+011727∗ - 16.8∗ -13.1∗ - - - - 0.02
004554.7−172327 - 16.5 -12.2 0.096 - - - 0.13
004603.1+401345 - 15.2 -13.0 - - - - 0.02
004707.0+124453 - 15.8 -12.6 - - - - 0.05
004715.1−811135 - 15.7 -12.1 - - - - 0.16
004755.2+394856 5BZB 16.1 -11.9 0.252 3FGL J0048.0+3950 1.88±0.11 - 0.25
004859.0+422351 - 16.0 -12.0 - 3FGL J0049.0+4224 1.77±0.16 - 0.20
004927.7+395003 - 17.0 -12.5 - - - - 0.06
004929.8−241843 - 16.4 -12.5 - - - - 0.06
004938.8−415137 - 15.8 -12.0 - 3FGL J0049.4−4149 2.15±0.21 - 0.20
005015.4−461811 - 16.0 -12.8 - - - - 0.03
005040.9−254122 - 15.4 -12.2 0.777 - - - 0.13
005048.4−342850 - 16.2 -12.5 - - - - 0.06
005116.6−624203 5BZB 15.9 -11.4 >0.3(f) 3FGL J0051.2−6241 1.66±0.05 0051.2−624 0.79
005235.4−574636 - 16.1 -12.2 - - - - 0.13
005410.0+473611 - 16.7 -12.3 - - - - 0.10
005425.3−361130 - 16.5∗ -12.7∗ - - - - 0.04
005446.6−245528 5BZB 15.9 -11.2 >0.12(f) 3FGL J0054.8−2455 1.78±0.07 0054.8−245 1.26
005553.5+121733 - 16.2 -12.4 - - - - 0.08
005619.9−093629 5BZG 15.9 -11.6 0.1 3FGL J0056.3−0935 1.79±0.12 - 0.50
005813.6−142929 - 15.4 -12.2 >0.42 - - - 0.13
005816.6+172312 5BZB 16.3 -11.8 - Arsioli & Chang (2016) 1.80±0.25 - 0.32
005916.9−015017 5BZG 17.7 -11.7 0.114 3FGL J0059.2−0152 1.74±0.2 - 0.40
010010.6−023450 - 15.6∗ -12.2∗ - - - - 0.13
010116.2+273057 - 15.9 -12.9 - - - - 0.03
010118.0−065013 - 15.6 -12.4 - - - - 0.08
010250.8−200158 - 16.3 -12.1 >0.38 Arsioli & Chang (2016) 1.55±0.22 - 0.16
010353.2+351322 - 15.6 -12.4 - - - - 0.08
010501.8+503320 - 16.1 -12.0 - - - - 0.20
010528.0−171221 - 15.2 -11.9 - - - - 0.25
010547.0+393921 - 16.1 -12.3 - - - - 0.10
010547.2+010057 - 16.0∗ -12.7∗ - - - - 0.04
010956.5−402049 - 16.4 -11.8 - 3FGL J0109.9−4020 1.73±0.15 - 0.32
011004.7+414950 5BZG 16.8 -12.1 0.096 - - - 0.16
011009.7+042420 - 15.0 -12.8 0.392 - - - 0.03
011049.9−125503 5BZB 17.2 -11.6 0.23 3FGL J0110.9−1254 1.93±0.18 - 0.50
011055.9+422500 - 16.0 -12.0 - - - - 0.20
011130.1+053626 5BZB >16.5 >-12.1 0.346 3FGL J0111.5+0535 1.92±0.18 - 0.16
011231.3−750616 - 15.0 -12.2 - 3FGL J0112.9−7506 2.17±0.17 - 0.13
011232.6−320141 5BZB 16.4 -12.3 >0.7 - - - 0.10
011314.2−190807 - 15.0 -12.6 - - - - 0.05
011501.6−340027 5BZB 17.0 -11.8 0.48 Arsioli & Chang (2016) 1.49±0.17 0114.9−335 0.32
011533.3−030333 - 16.3∗ -13∗ 0.53 - - - 0.02
011546.0+251953 5BZB 15.7 -11.7 0.375 3FGL J0115.8+2519 1.99±0.07 0115.8+251 0.40
011555.3−274430 - 16.9 -11.8 - 3FGL J0116.2−2744 2.02±0.16 - 0.32
011637.0−281145 - 17.2 -12.2 >0.7 - - - 0.13
011724.2−222759 - 17.0 -12.2 0.116 - - - 0.13
011746.9−244332 5BZB 16.6 -12.1 0.279 - - - 0.16
011823.2+324324 - 16.3 -12.3 0.112 - - - 0.10
011828.6−511527 - 15.5 -12.2 >0.44 - - - 0.13
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Table 4. continued.
2WHSP J 5BZcat Log(νpeak) Log(νpeakfνpeak ) z Fermi-LAT Γ 2FHL J FOM
011831.3−142957 - 15.4 -11.9 >0.42 - - - 0.25
011904.6−145858 - 16.1 -12.0 >0.53 3FGL J0118.9−1457 1.79±0.16 - 0.20
012006.3+215920 - 15.1 -12.0 - - - - 0.20
012040.9−184510 - 15.3 -12.6 - - - - 0.05
012048.3+212853 - 15.2 -12.5 - - - - 0.06
012308.5+342048 5BZB 18.0 -10.8 0.27 3FGL J0122.8+3423 1.48±0.14 - 3.16
012338.2−231058 5BZB 17.3 -11.1 0.404 3FGL J0123.7−2312 1.99±0.1 0123.7−230 1.58
012340.3+421017 5BZG 17.8 -11.7 0.186 - - - 0.40
012430.4+324945 5BZB >16.0 >-12.1 - - - - 0.16
012443.6−314341 - 17.3 -12.3 >0.6 - - - 0.10
012523.5−292047 - 15.3 -12.8 - - - - 0.03
012629.5−350504 - 15.8 -12.5 - - - - 0.06
012652.0+003307 - >16.0 >-12.8 - - - - 0.03
012654.4−030030 - 15.6 -12.6 - - - - 0.05
012657.1+330730 5BZB 16.8 -12.1 - Arsioli & Chang (2016) 2.27±0.26 - 0.16
012710.9−015152 5BZB 15.0 -12.3 - - - - 0.10
012713.9+032259 - 15.7 -11.7 - 3FGL J0127.2+0325 1.90±0.07 - 0.40
012722.0+211442 - 16.3 -12.6 - - - - 0.05
012750.8−001345 5BZB 15.6 -12.7 0.44 - - - 0.04
012917.8−034402∗ - 16.1∗ -12.3∗ - - - - 0.10
013309.1−453524 - 16.0 -12.3 - - - - 0.10
013312.1−351915 - >16.0 >-12.4 0.174 - - - 0.08
013314.0−435850 - 15.3 -12.0 - 2FGL J0133.4−4408 2.07±0.16 - 0.20
013428.0+263843 5BZB 15.8 -11.5 - 3FGL J0134.5+2638 1.99±0.08 - 0.63
013507.0+025541 - 17.4 -12.5 - - - - 0.06
013520.5+062545 - 15.9 -12.2 - - - - 0.13
013523.5−272813 - 17.0 -12.1 0.248 - - - 0.16
013548.7−201346 - 15.4 -11.9 0.37 - - - 0.25
013626.5+302011 - 15.6 -12.8 - - - - 0.03
013632.5+390558 5BZB 16.1 -10.9 - 3FGL J0136.5+3905 1.70±0.02 0136.5+390 2.51
013803.7−215530 - >17.5 >-12.0 - - - - 0.20
013834.5+245836 - 16.9 -12.6 - - - - 0.05
013944.6+243119 - 16.0 -11.7 - - - - 0.40
014040.8−075849 5BZB 16.6 -12.0 >0.49 Arsioli & Chang (2016) 1.78±0.14 - 0.20
014347.0−012608 - 15.6 -12.9 - - - - 0.03
014347.2−584551 5BZB 17.1 -11.0 - 3FGL J0143.7−5845 1.84±0.06 0143.8−584 2.00
014357.9−651226 - 15.5 -12.6 - - - - 0.05
014522.7+045129 - 15.6 -12.9 0.349 - - - 0.03
014557.5−282620 - 16.1 -12.6 - - - - 0.05
014558.0+213503 - >17.0 >-12.2 - - - - 0.13
014620.2−024253 - >16.0 >-12.7 - - - - 0.04
014715.7−000817 - 16.9 -12.7 0.472 - - - 0.04
014748.7+203714∗ - 15.7∗ -12.6∗ - - - - 0.05
014753.5−602810 - 16.6 -12.4 - - - - 0.08
014918.1+203029 - 15.0∗ -12.2∗ - - - - 0.13
015044.5−545004 - 15.8 -12.0 - 3FGL J0150.5−5447 2.12±0.23 - 0.20
015219.7+364017∗ - 16.3∗ -12.5∗ - - - - 0.06
015239.5+014717 5BZG 15.9 -11.2 0.08 3FGL J0152.6+0148 1.89±0.1 0152.8+014 1.26
015307.3+751742 5BZB 16.1 -11.9 - 3FGL J0152.8+7517 1.77±0.12 - 0.25
015313.0−110626 - 16.1 -12.2 >0.55 - - - 0.13
015402.6+082351 5BZB 15.2 -11.3 - 3FGL J0154.0+0824 1.86±0.04 - 1.00
015553.5+053309 - 15.5 -13.0 - - - - 0.02
015608.2+054510 - 15.5 -13.0 - - - - 0.02
015646.0−474417 - 16.6 -12.1 >0.29 3FGL J0156.9−4742 2.01±0.26 - 0.16
015657.9−530159 5BZB 18.0 -11.1 - 3FGL J0157.0−5301 1.82±0.08 0157.0−530 1.58
015700.6−323529 - 16.8 -12.2 - - - - 0.13
015721.4−215851 - 17.1 -12.1 >0.7 - - - 0.16
015743.9+003605∗ - 15.2∗ -12.9∗ - - - - 0.03
015809.9+251539 - 16.6 -12.2 0.158 - - - 0.13
015934.3+104704 5BZB 15.5 -11.6 0.195 3FGL J0159.4+1046 2.11±0.08 - 0.50
015953.5+004815 - 16.0 -12.6 0.652 - - - 0.05
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2WHSP J 5BZcat Log(νpeak) Log(νpeakfνpeak ) z Fermi-LAT Γ 2FHL J FOM
015958.0−364313 - 15.8 -12.8 - - - - 0.03
020106.1+003400 5BZB 17.0 -11.7 0.298 Arsioli & Chang (2016) 1.82±0.28 - 0.40
020110.9−434654 - 15.8 -12.4 - - - - 0.08
020121.7−225925 - 16.1 -12.2 - - - - 0.13
020239.7−313338 - 15.0 -12.6 - - - - 0.05
020252.2−022320 - 16.3 -12.0 - 3FGL J0203.1−0227 2.31±0.16 - 0.20
020313.9−323512 - 15.5 -12.4 - - - - 0.08
020355.9−244453 - 16.6∗ -12.7∗ - - - - 0.04
020412.9−333339 5BZB 17.9 -11.7 0.617 Arsioli & Chang (2016) 1.78±0.2 - 0.40
020430.0−213724 - 15.2 -12.6 - - - - 0.05
020838.1+352312 5BZB 16.3 -12.1 0.318 3FGL J0208.6+3522 1.70±0.18 - 0.16
020916.9+444945 5BZB 16.7 -11.3 - 3FGL J0209.5+4449 1.97±0.16 - 1.00
020921.6−522921 5BZB 16.7 -11.1 >0.163 3FGL J0209.4−5229 1.80±0.05 0209.3−522 1.58
021205.6−255757 - 16.9 -12.2 - Arsioli & Chang (2016) 1.93±0.16 - 0.13
021216.8−022155 - 16.1 -11.7 - Arsioli & Chang (2016) 1.94±0.19 - 0.40
021252.7+224452 5BZB 15.2 -11.5 0.459 3FGL J0213.0+2245 2.10±0.07 - 1.00
021409.7−473235 - 15.6 -12.4 - - - - 0.08
021411.7−353732 - 17.0 -12.1 - - - - 0.16
021417.8+514451 5BZG 17.3 -11.2 0.049∗ 3FGL J0214.4+5143 2.04±0.17 0214.9+514 1.26
021502.8+032536 - >16.0 >-12.1 - - - - 0.16
021515.1−161738 - 16.8∗ -12.3∗ 0.283 - - - 0.10
021552.3−402343 - 16.3 -12.3 - - - - 0.10
021616.6−481626 - 17.3 -12.1 0.168 - - - 0.16
021631.9+231449 5BZB 16.0 -11.9 0.288 Arsioli & Chang (2016) 1.89±0.11 - 0.25
021650.8−663642 5BZB 15.5 -11.6 >0.33 3FGL J0217.0−6635 1.98±0.08 - 0.50
021729.2−642306 - 15.8 -12.8 - - - - 0.03
021905.4−172512 5BZB 16.1 -11.6 0.128 2FGL J0219.1−1725 1.92±0.21 - 0.50
021915.4−493453 - 15.4 -12.6 - - - - 0.05
021931.2−642151∗ - 16.0∗ -12.9∗ - - - - 0.03
022006.2−391834 - 15.5 -12.5 - - - - 0.06
022048.4−084250 5BZB 15.2 -12.0 >0.43 Arsioli & Chang (2016) 1.74±0.19 - 0.20
022104.9+063938 - 16.7 -12.2 - - - - 0.13
022149.8−092459 - 15.5 -12.8 - - - - 0.03
022152.7+023615 - 15.7 -12.1 - - - - 0.16
022211.3−213735 - 15.2 -12.7 - - - - 0.04
022314.2−111738 5BZB 15.6 -12.0 >0.2(f) 3FGL J0222.9−1117 1.82±0.16 - 0.20
022539.7−190034 - 17.8 -12.9 - - - - 0.03
022540.6−561811 - 16.7 -12.2 - - - - 0.13
022638.8−444121 5BZB 16.5 -11.5 - 3FGL J0226.5−4442 1.95±0.12 - 0.63
022657.1+082729 - 15.9 -12.4 - - - - 0.08
022716.4+020159 5BZB 17.6 -11.5 0.45 3FGL J0227.2+0201 2.04±0.1 - 0.63
022855.7−292715 - 15.0 -12.4 - - - - 0.08
022941.1−412050 - 15.4 -12.0 - - - - 0.20
022948.1−512351 - 15.7 -12.5 - - - - 0.06
023005.8+194921 - 16.3 -12.3 - - - - 0.10
023109.1−575505 - 15.4 -12.0 - 3FGL J0230.6−5757 1.68±0.29 0231.0−575 0.20
023224.3+201412 - 15.4 -12.7 - 3FGL J0232.8+2016 2.03±0.14 - 0.04
023231.0−251605 - 16.5 -12.8 - - - - 0.03
023237.5+313127 - 16.6 -12.2 - - - - 0.13
023248.5+201717 5BZG 18.5 -11.0 0.139 3FGL J0232.8+2016 2.03±0.14 - 2.00
023340.9+065611 - 15.5 -12.1 - Arsioli & Chang (2016) 2.05±0.19 - 0.16
023430.5+804336 - 16.5 -12.0 - Arsioli & Chang (2016) 1.65±0.2 - 0.20
023536.6−293843 5BZB 15.8 -12.4 >0.66 - - - 0.08
023605.5−215542 - 15.2 -12.7 - - - - 0.04
023734.0−360328 5BZB 16.0 -11.5 >0.411 3FGL J0237.5−3603 1.86±0.11 0237.6−360 0.63
023800.5−390503 - 15.4 -12.1 - 3FGL J0238.3−3904 1.94±0.15 - 0.16
023813.6−092430 5BZB 16.7 -12.6 0.418 - - - 0.05
023832.3−311656 5BZB 16.3 -11.0 0.233 3FGL J0238.4−3117 1.84±0.07 0238.4−311 2.00
024115.4−304139 - 16.4 -11.9 - - - - 0.25
024151.2−160333 - 15.8 -12.1 - - - - 0.16
024302.8+004627 5BZB 16.4 -12.6 0.4 - - - 0.05
16
Y.-L. Chang et al.: 2WHSP: A catalog of HE and VHE γ-ray blazars and blazar candidates
Table 4. continued.
2WHSP J 5BZcat Log(νpeak) Log(νpeakfνpeak ) z Fermi-LAT Γ 2FHL J FOM
024440.1−581954 5BZB 16.8 -11.4 0.26 3FGL J0244.8−5818 1.70±0.14 0244.9−582 0.79
024507.7+184308 - 16.1 -12.1 - - - - 0.16
024743.3−481545 - 15.6 -12.3 - - - - 0.10
024751.6−225002 - 17.0 -12.3 - - - - 0.10
024752.0+004106 - 16.5 -12.1 0.392 - - - 0.16
025018.8−212939 5BZB 17.0 -12.1 0.498 - - - 0.16
025024.4+454200 - 16.8 -12.3 - - - - 0.10
025037.9+171207 5BZU 16.0 -11.5 - 3FGL J0250.6+1713 1.98±0.18 - 0.63
025056.8−324313 - 15.4 -11.9 - - - - 0.25
025057.1−122612 - 15.3 -12.3 - - - - 0.10
025211.5+320432 - 16.4 -12.1 - - - - 0.16
025347.0−103135 - 17.0 -12.5 - - - - 0.06
025426.2+160202 - 15.3 -12.4 - - - - 0.08
025434.3−454326 - 15.0 -12.5 - - - - 0.06
025448.1−125800 - 15.4 -11.9 - - - - 0.25
025707.7+335729 - 15.8 -12.1 - - - - 0.16
025756.1−271211 - 15.8∗ -13∗ - - - - 0.02
030036.9−361743 - 16.9 -12.4 - - - - 0.08
030103.7+344100 5BZB 15.7 -12.0 0.24 Arsioli & Chang (2016) 2.30±0.15 - 0.20
030107.6+033017 - 15.2 -12.3 - - - - 0.10
030208.8+004626 - 16.4 -12.5 - - - - 0.06
030246.3−192424 - 15.5 -11.6 - - - - 0.50
030313.6−705026 - 15.5 -12.0 - - - - 0.20
030326.3−240710 5BZB 15.7 -10.7 0.266 3FGL J0303.4−2407 1.92±0.02 0303.3−240 3.98
030330.1+055429 5BZG 15.8 -11.7 0.196 Arsioli & Chang (2016) 1.46±0.24 - 0.40
030416.3−283217 5BZB 17.7 -11.6 >0.7 3FGL J0304.3−2836 1.61±0.23 - 0.50
030433.9−005403 5BZB 15.4 -11.9 0.511 Arsioli & Chang (2016) 1.70±0.17 0304.5−005 0.25
030544.1+403509 - 16.5 -11.9 - Arsioli & Chang (2016) 1.84±0.28 - 0.25
030718.6−205157 - 16.4 -12.6 - - - - 0.05
030925.9−395926 - 16.0 -12.3 - - - - 0.10
031034.6−501631 - 15.9 -11.8 - 3FGL J0310.4−5015 1.75±0.14 0310.4−501 0.32
031103.1−440227 - 17.8 -11.7 - Arsioli & Chang (2016) 2.02±0.32 - 0.40
031205.2+312115 - 15.5 -12.3 - - - - 0.10
031235.6−222116 - 17.3 -11.9 - 3FGL J0312.7−2222 1.62±0.15 - 0.25
031250.2+361519 5BZG 16.4 -11.8 0.071 3FGL J0312.7+3613 2.28±0.14 0313.0+361 0.32
031311.5+244533 - 15.2 -12.1 - - - - 0.16
031421.8−095452 - >16.5 >-12.2 - - - - 0.13
031423.8+061955 5BZB 16.3 -11.3 0.62∗ Arsioli & Chang (2016) 1.79±0.12 - 1.00
031432.5−090445 - 16.6 -12.2 - - - - 0.13
031612.7+090442 5BZB 15.1 -11.0 - 3FGL J0316.1+0904 1.92±0.04 0316.1+090 2.00
031614.2−643731 5BZB 16.2 -11.5 - 3FGL J0316.2−6436 2.09±0.09 - 0.63
031614.8−260757 5BZB 15.9 -11.4 0.443 3FGL J0316.1−2611 1.86±0.09 - 0.79
031615.1−224723 - 16.9∗ -12.5∗ - - - - 0.06
031633.7−221611 5BZB 16.7 -12.1 0.228 - - - 0.16
031746.6+201105 - 15.6 -12.2 - - - - 0.13
031749.6+010513 - 16.6 -12.9 0.435 - - - 0.03
031855.5+190816 - 15.9 -12.3 - - - - 0.10
031951.7+184533 5BZG 17.3 -11.3 0.19 3FGL J0319.8+1847 1.57±0.1 0319.7+184 1.00
032009.1−704533 - >17.0 >-12.0 - Arsioli & Chang (2016) 1.75±0.21 - 0.20
032037.9+112451 - 16.1 -12.2 - Arsioli & Chang (2016) 2.17±0.28 - 0.13
032056.2+042447 - 17.9 -11.7 - Arsioli & Chang (2016) 2.68±0.21 - 0.40
032102.2−040850 - 15.4 -12.3 - - - - 0.10
032127.3−531055 - 16.1 -12.5 - - - - 0.06
032159.8+233611 5BZB 15.7 -11.2 - 3FGL J0322.0+2335 1.95±0.07 0322.0+233 1.26
032214.1−630740 - 15.4 -11.7 - - - - 0.40
032228.3−504538 - 15.7 -12.5 - - - - 0.06
032343.6−011145 5BZB 15.1 -11.8 - 3FGL J0323.6−0109 1.85±0.09 - 0.32
032350.6+071736 5BZB >17.0 >-11.8 0.31 - - - 0.32
032356.5−010833 5BZB >17.5 >-11.9 0.392 - - - 0.25
032523.5−563544 - 16.5 -11.8 0.6 3FGL J0325.2−5634 2.22±0.11 - 0.32
032540.9−164615 5BZB 15.6 -11.2 0.291 3FGL J0325.6−1648 1.79±0.06 0326.0−164 1.26
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032613.9+022514 5BZB 15.9 -11.3 0.147 3FGL J0326.2+0225 2.00±0.09 0326.3+022 1.00
032647.2−340446 - 15.9 -12.0 - Arsioli & Chang (2016) 1.99±0.14 - 0.20
032852.6−571605 - 16.3 -11.9 - Arsioli & Chang (2016) 1.60±0.2 - 0.25
033118.4−615527 - 15.7 -11.8 - 3FGL J0331.3−6155 2.08±0.08 0331.3−615 0.32
033202.2−703947 - 16.6 -12.2 - - - - 0.13
033312.1−361945 5BZB 17.1 -12.2 0.308 - - - 0.13
033349.0+291631 5BZB 15.2 -11.2 - 3FGL J0333.6+2916 1.86±0.06 0333.7+291 1.26
033429.7+705513 - 15.5 -12.0 - - - - 0.20
033612.7−213127 - >17.0 >-12.3 - - - - 0.10
033623.7−034738 5BZB 17.1 -11.9 0.162 Arsioli & Chang (2016) 1.61±0.23 - 0.25
033812.4−244350 5BZB 17.1∗ -12.3∗ 0.251 3FGL J0338.1−2443 1.29±0.25 - 0.10
033829.2+130214 - 15.8 -11.5 - 3FGL J0338.5+1303 1.69±0.09 - 0.63
033831.9−570447 - 17.0 -11.9 - Arsioli & Chang (2016) 1.63±0.23 - 0.25
033851.9−532424 - 15.6 -12.5 - - - - 0.06
034008.5−124905 - 15.0 -12.0 - - - - 0.20
034054.7+782258 - 15.6 -12.1 - - - - 0.16
034254.1−370736 - >17.0 >-11.7 0.2 - - - 0.40
034323.5−761448∗ - 15.1∗ -12.2∗ - - - - 0.13
034402.3+730114 - 16.2 -12.0 - - - - 0.20
034427.2−523557 - 15.6 -12.2 - - - - 0.13
034609.4−420504 - >16.0 >-12.4 - - - - 0.08
034656.8−133830 - 15.5 -11.8 - - - - 0.32
034923.1−115926 5BZB 17.9 -11.0 0.188 3FGL J0349.2−1158 1.73±0.15 0349.3−115 2.00
035051.2−281632 - 16.7 -12.1 - 3FGL J0351.0−2816 2.04±0.21 - 0.16
035154.4−370343 5BZB 17.4 -11.9 0.165 - - - 0.25
035257.4−683117 - 18.1 -11.0 0.087 3FGL J0353.0−6831 1.61±0.18 0352.7−683 2.00
035304.9−362308 5BZB 16.8 -11.7 - 3FGL J0353.0−3622 1.55±0.17 - 0.40
035308.3+825630 - 16.4 -11.8 0.069∗ - - 0353.6+825 0.32
035532.6−485133 - 16.8 -13.0 - - - - 0.02
035807.1−545138 - 15.1 -12.6 - - - - 0.05
035856.1−305447 5BZB 16.9 -12.0 0.65∗ Arsioli & Chang (2016) 1.88±0.14 - 0.20
040126.2−080159 - 16.2 -12.4 - - - - 0.08
040128.6+815311 5BZB 16.7∗ -11.9∗ 0.215 - - - 0.25
040352.3−571941 - 15.6 -12.5 - - - - 0.06
040904.9−053235 - 16.9 -12.6 - - - - 0.05
041112.2−394143 5BZB 16.7 -11.9 >0.7 Arsioli & Chang (2016) 1.81±0.22 - 0.25
041238.3−392629 - 17.7 -12.3 - Arsioli & Chang (2016) 1.93±0.24 - 0.10
041422.6−035017 - 15.3 -12.5 - - - - 0.06
041458.0−533942 - 16.4 -11.5 - 2FGL J0413.5−5332 2.41±0.08 - 0.63
041645.1−552528 - 15.7∗ -12.9∗ - - - - 0.03
041652.3+010522 5BZB 16.5 -10.8 0.287 3FGL J0416.8+0104 1.75±0.11 0416.9+010 3.16
041855.8+132451 - 16.6 -12.1 - - - - 0.16
041949.3+843835 - 16.2 -12.3 - - - - 0.10
042026.2−651359 - 15.3 -11.9 - - - - 0.32
042132.8−062903 5BZB 17.0 -11.9 0.39 - - - 0.25
042218.3+195054 5BZB 17.5 -11.8 0.516 3FGL J0421.6+1950 2.33±0.11 - 0.32
042302.4−522739 - 15.8 -12.7 - - - - 0.04
042307.9−315957 - 15.7 -12.3 - - - - 0.10
042344.2−543142 - 16.8 -12.7 - - - - 0.04
042733.2−183010 - 17.6 -11.8 - - - - 0.32
042900.1−323641 5BZB 16.4 -11.9 >0.51 Arsioli & Chang (2016) 1.89±0.21 - 0.16
043046.3+030337 - 15.8 -12.4 - - - - 0.08
043145.0+740325 - 15.6 -11.8 - 3FGL J0431.6+7403 1.99±0.09 - 0.32
043154.8−653634 - 15.9 -12.3 - - - - 0.10
043307.4+322840 - 15.9 -11.7 - 3FGL J0433.1+3228 1.97±0.14 - 0.40
043332.8−104232 - 15.6 -12.3 - - - - 0.10
043517.7−262121 - 16.6 -11.9 - Arsioli & Chang (2016) 2.52±0.31 - 0.25
043726.8−462500 - 15.3 -11.8 - - - - 0.32
043837.3+311939 - 15.1 -11.8 - - - - 0.32
044018.6−245932 5BZB 17.1 -11.9 0.6∗ 3FGL J0440.3−2500 1.72±0.21 0440.3−245 0.25
044127.4+150454 5BZB 17.8 -11.5 0.109 Arsioli & Chang (2016) 2.06±0.17 - 0.63
18
Y.-L. Chang et al.: 2WHSP: A catalog of HE and VHE γ-ray blazars and blazar candidates
Table 4. continued.
2WHSP J 5BZcat Log(νpeak) Log(νpeakfνpeak ) z Fermi-LAT Γ 2FHL J FOM
044139.1−105734 - 15.5 -12.2 0.15 - - - 0.13
044230.1−001829 5BZB 16.3 -12.1 0.449 - - - 0.16
044240.6+614039 - >17.0 >-11.8 - Arsioli & Chang (2016) 1.95±0.12 0442.6+614 0.32
044328.3−415156 - 16.9 -11.5 >0.39 Arsioli & Chang (2016) 1.94±0.2 - 0.63
044458.3−583629∗ - 16.0∗ -13∗ - - - - 0.02
044627.1−434632 - 15.4 -12.0 - - - - 0.20
044757.9−354937 - 16.8 -12.4 - - - - 0.08
044837.6−163243 5BZB 17.1 -11.2 >0.32 3FGL J0448.6−1632 1.86±0.07 - 1.26
044855.0−101855 - 15.9 -12.5 - - - - 0.06
044916.9−422342 - 16.1 -12.4 - - - - 0.08
044924.6−435008 5BZB 15.6 -10.3 >0.19 3FGL J0449.4−4350 1.85±0.01 0449.4−434 10.0
045039.1−160212 - 16.7 -12.5 - - - - 0.06
045107.5−232532 - 16.7 -12.1 - - - - 0.16
045215.3+210302 - 16.4 -12.2 - - - - 0.13
045249.4−000151 - 16.8 -12.3 - - - - 0.10
045658.5−080530 - 15.7 -12.2 - - - - 0.13
045741.5+062220 - 15.4 -12.0 - - - - 0.20
045744.2−014932 - 15.1 -12.4 - - - - 0.08
045823.5−864408 - 16.0∗ -12.3∗ - - - - 0.10
045834.7+085643 - 17.0∗ -12∗ - - - - 0.20
050240.6−120428 - 15.8 -12.3 - - - - 0.10
050244.8−450454 - 15.6 -12.4 - - - - 0.08
050319.0−390021 - 16.8 -12.3 0.156 - - - 0.10
050335.3−111506 5BZB 16.9 -12.0 >0.57 Arsioli & Chang (2016) 1.83±0.13 - 0.20
050419.5−095631 - 17.9 -11.6 >0.46 Arsioli & Chang (2016) 2.15±0.22 - 0.63
050534.6+041553 5BZB 15.7 -11.7 0.424 3FGL J0505.5+0416 1.91±0.14 - 0.40
050552.0−814358 - 15.6 -12.8 - - - - 0.03
050558.6+611335 5BZB 16.0 -12.1 - 3FGL J0505.9+6114 2.01±0.14 0506.1+611 0.16
050559.5−292630 - 15.3 -12.3 - - - - 0.10
050601.6−382054 - 16.3 -12.0 0.182 Arsioli & Chang (2016) 2.07±0.14 - 0.20
050639.9−085800 5BZB 15.2 -12.0 - 2FGL J0506.5−0901 2.24±0.15 - 0.20
050643.0−234418 - 15.8 -12.4 >0.6 - - - 0.08
050657.7−543503 5BZB 16.2 -11.4 >0.26 3FGL J0506.9−5435 1.60±0.09 0506.9−543 0.79
050709.2−385948 - >17.5 >-12.2 - - - - 0.13
050727.1−334635 - 17.5 -11.8 - Arsioli & Chang (2016) 1.72±0.1 - 0.32
050756.0+673723 5BZB 17.9 -10.7 0.416∗ 3FGL J0508.0+6736 1.52±0.03 0507.9+673 3.98
050813.0−280741 - 16.2 -12.0 - - - - 0.20
050833.3+053109 - 15.6 -11.8 - - - - 0.32
050912.7−731754 - 16.2 -12.0 - - - - 0.20
050938.0−040045 5BZB 17.8 -11.4 0.304 3FGL J0509.7−0400 1.65±0.22 - 0.79
050939.7−251403 5BZB 17.0 -12.2 0.264 - - - 0.13
051304.3−022034 - 15.7 -12.3 - - - - 0.10
051426.9−341224 - 16.0 -12.2 >0.4 - - - 0.13
051439.1−001103 - 15.4 -12.5 - - - - 0.06
051631.1+735107 5BZB 15.9 -11.6 - 3FGL J0516.3+7351 1.97±0.14 - 0.50
051845.4−572054 - 16.9 -12.4 - - - - 0.08
052026.0−555429 - 15.4 -12.4 - - - - 0.08
052041.8+653351 - 17.7 -12.0 - - - - 0.20
052133.6−295747 - 15.8 -12.4 - - - - 0.08
052145.9+211251 5BZB 15.1 -10.6 - 3FGL J0521.7+2113 1.92±0.02 0521.7+211 5.01
052343.3−814201 - 15.4 -12.0 - - - - 0.20
052437.9+754000 - 16.1 -12.3 - - - - 0.10
052439.7−261554 - 17.3 -12.1 - - - - 0.16
052542.4−601340 - 15.7 -12.6 - 3FGL J0525.6−6013 1.73±0.1 0525.8−601 0.05
052643.0−180812 - 15.7 -12.1 - - - - 0.16
052645.4−151900 - 16.0∗ -12.1∗ - - - - 0.16
052902.5+093435 - 16.7 -11.3 - 3FGL J0529.1+0933 2.32±0.11 - 1.00
053547.2−315341 - 15.5 -12.5 - - - - 0.06
053626.8−254748 - 15.8 -12.3 - Arsioli & Chang (2016) 1.97±0.17 - 0.10
053628.9−334301 5BZB 16.0 -11.3 >0.34 3FGL J0536.4−3347 2.29±0.04 0536.4−334 1.00
053629.8−752411 - 16.1 -12.2 - - - - 1.26
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053645.2−255841 - 15.5 -12.0 - Arsioli & Chang (2016) 1.81±0.18 - 0.20
053737.3−233700 - 15.1 -12.7 - - - - 0.04
053737.6−140440 - 15.8 -12.3 - - - - 0.10
053809.7+031556 - 15.4 -12.8 - - - - 0.03
053810.3−390842 5BZU 16.2 -11.9 >0.44 3FGL J0538.4−3909 2.04±0.17 - 0.25
053949.4−102938 - 16.5 -12.1 - - - - 0.16
054029.9+582338 5BZB 16.6 -11.1 - 3FGL J0540.4+5823 2.00±0.08 0540.5+582 1.58
054301.9−621905 - 16.3 -12.4 - - - - 0.08
054357.1−553207 5BZB 16.7 -10.9 0.273 3FGL J0543.9−5531 1.77±0.05 0543.9−553 2.51
054449.1−193813 - 15.5 -12.5 - - - - 0.06
054504.3+065809 - 15.3 -12.4 - - - - 0.08
054655.2−685133 - 17.2 -12.2 - - - - 0.13
054656.6−220456 5BZB 15.8∗ -12.3∗ 0.28 - - - 0.10
054746.4−460709 - 15.2 -12.4 - - - - 0.08
055040.5−321615 5BZG 18.1 -10.7 0.069 3FGL J0550.6−3217 1.61±0.16 0550.7−321 3.98
055101.9−472429 - 16.2 -12.1 - - - - 0.16
055411.0−275729 - >16.0 >-12.1 0.23 - - - 0.16
055716.7−061706 - 17.9 -11.5 - Arsioli & Chang (2016) 1.79±0.15 - 0.50
055734.3−685340 - 15.2 -12.5 - - - - 0.06
055806.4−383830 5BZB 16.7 -11.4 0.302 3FGL J0558.1−3838 1.96±0.1 - 0.79
055959.2+640957 - 16.9 -11.9 - - - - 0.25
060200.4+531600 - 16.3 -11.3 - 3FGL J0602.2+5314 2.03±0.13 0601.9+531 1.00
060408.5−481725 5BZB 16.2 -11.5 >0.37(f) 3FGL J0604.1−4817 1.44±0.17 0604.3−481 0.63
060433.7−403754 - 16.4 -12.2 - - - - 0.13
060449.9+833132 - 16.7 -12.7 - - - - 0.04
060714.2−251859 5BZB 17.5 -12.0 0.275 Arsioli & Chang (2016) 1.93±0.16 - 0.20
060736.4−742336 - 15.0∗ -12.6∗ - - - - 0.05
061104.0+682956 - 15.9 -12.4 - - - - 0.08
061518.1−782829 - 16.3 -12.0 0.111 - - - 0.20
061610.1−173305 - 17.0 -12.0 >0.64 - - - 0.20
061949.4+573548 - 16.9 -11.9 - - - - 0.25
062040.0+264331 - 15.9 -10.9 - 3FGL J0620.4+2644 1.65±0.18 0620.6+264 1.00
062149.6−341148 5BZB 17.7 -11.4 0.529 Arsioli & Chang (2016) 2.50±0.17 - 0.79
062337.7−525756 5BZB 15.2 -12.4 >0.44 - - - 0.08
062444.9−323055 5BZB 15.8 -12.1 0.252 - - - 0.16
062518.1+444000 5BZB 15.2 -11.4 - 3FGL J0625.2+4440 2.05±0.08 - 0.79
062550.3+485805 - 15.9 -12.3 - - - - 0.10
062626.2−171045 - 16.6 -11.8 >0.7 Arsioli & Chang (2016) 2.05±0.19 - 0.32
062636.7−425805 - 15.7 -12.5 - 3FGL J0626.6−4259 1.74±0.14 - 0.06
062753.2−151956 - 17.0 -11.8 - 3FGL J0627.9−1517 2.72±0.17 - 0.32
063014.9−201236 - 16.4 -11.8 - Arsioli & Chang (2016) 1.84±0.27 0630.2−201 0.32
063059.5−240646 5BZB 15.1 -11.1 - 3FGL J0630.9−2406 1.81±0.03 0631.0−240 1.58
063257.9+591541 - 16.1 -12.2 - - - - 0.13
063841.4−261744 - 15.6 -12.2 - - - - 0.13
064007.0−125314 - 17.4 -10.8 - 3FGL J0640.0−1252 1.51±0.16 0639.9−125 3.16
064443.6−285115 - 16.1 -11.9 >0.49 3FGL J0644.6−2853 2.11±0.18 - 0.40
064710.0−513547 - 17.9 -11.2 - 3FGL J0647.0−5134 2.19±0.18 - 1.26
064827.4+711313 - 15.1 -12.3 - - - - 0.10
064847.5+151623 5BZB 16.6 -11.1 0.17∗ 3FGL J0648.8+1516 1.83±0.07 0648.6+151 1.58
064850.3−694521 - 17.1 -11.8 - - - - 0.32
064933.5−313920 - 16.8 -11.4 - 3FGL J0649.6−3138 1.73±0.12 0649.6−313 0.79
065046.3+250258 5BZB 16.8 -10.8 0.203∗ 3FGL J0650.7+2503 1.72±0.04 0650.7+250 3.16
065105.3+401337 - 15.5 -11.5 - 3FGL J0651.3+4014 2.12±0.13 - 0.63
065200.4−480858 - 16.0 -12.0 - 3FGL J0652.0−4808 2.04±0.25 - 0.20
065751.3−284306 - 15.4 -12.2 - - - - 0.13
065932.8−674350 - 16.4 -12.1 - Arsioli & Chang (2016) 1.53±0.21 - 0.16
070631.6+374435 5BZB 15.3 -11.6 - 3FGL J0706.5+3744 1.89±0.06 0706.5+374 0.50
071006.7+500245 - 15.2 -11.3 - - - - 1.00
071029.9+590820 5BZB 18.1 -10.7 0.12 3FGL J0710.3+5908 1.66±0.09 0710.5+590 3.98
071218.7+571947 5BZB 17.4 -12.1 0.095 - - - 0.16
071525.2−513737 - 15.6 -12.1 - - - - 0.16
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071625.6+750700 - 16.1 -12.6 - - - - 0.05
071745.0−552021 - 15.3 -12.0 - Arsioli & Chang (2016) 2.16±0.15 - 0.20
071908.5−705402 - 16.6 -12.6 - - - - 0.05
071959.8+632227 - 15.2 -12.7 - - - - 0.04
072313.9+584120 5BZB 16.8 -12.2 - 1FGL J0722.3+5837 2.16±0.25 - 0.13
072348.2+205129 - 16.1 -11.9 - 3FGL J0723.7+2050 2.40±0.15 - 0.25
072406.0+535110 - 15.2 -11.8 - - - - 0.32
072659.5+373423 5BZB 15.1 -12.3 >0.57 - - - 0.10
073025.9+330722 5BZB 15.5 -11.5 0.11 3FGL J0730.5+3307 2.12±0.12 - 0.63
073049.4−660217 - 15.7 -11.4 0.106 3FGL J0730.5−6606 1.79±0.12 0730.9−660 0.79
073124.1−584121 - 15.1 -12.3 - - - - 0.10
073152.6+280432 5BZB >17.0 >-11.9 0.248 Arsioli & Chang (2016) 2.07±0.2 - 0.25
073326.7+515354 - 17.9 -11.3 - 3FGL J0733.5+5153 1.74±0.16 - 1.00
073329.5+351542 5BZB 16.3 -12.0 0.177 Arsioli & Chang (2016) 2.59±0.3 - 0.32
073518.4+034735 - 15.3 -12.0 - - - - 0.20
073522.0+514641 - 16.7 -12.4 - - - - 0.08
073701.7+284645 5BZB 15.7 -12.3 0.272 - - - 0.10
074322.0−563253 - 15.4 -12.4 - - - - 0.08
074405.2+743357 5BZB 16.7 -11.2 0.314 3FGL J0744.3+7434 1.97±0.1 0744.2+743 1.26
074419.7−621059 - 16.7 -12.2 - - - - 0.13
074439.9−011430 - 16.0 -12.3 - - - - 0.10
074642.3−475455 - 15.3 -11.4 - 3FGL J0746.6−4756 2.25±0.07 0746.4−475 0.79
074709.4+062305 - 15.8 -12.0 - - - - 0.20
074716.2+851207 - 16.8 -11.9 - 3FGL J0746.9+8511 1.79±0.12 - 0.25
074722.0+090548 5BZU 17.6 -11.6 - 3FGL J0747.4+0904 2.07±0.14 - 0.50
074724.7−492633 - 15.8 -12.1 - 3FGL J0747.5−4927 2.27±0.16 - 0.16
074735.7+612603 - 15.5 -12.2 - - - - 0.13
074929.5+745143 5BZB 16.1 -11.9 0.607∗ - - - 0.25
075109.4+291335 5BZG 15.8 -12.8 0.185 - - - 0.03
075125.1+173051 5BZG 17.2 -12.0 0.185 - - - 0.2
075212.4+040901 - 15.6 -11.7 - - - - 0.50
075329.5+535111 - 15.6 -11.7 - - - - 0.40
075523.1+372618 5BZB 16.6 -12.4 0.605 - - - 0.08
075722.6+182929 - 16.3∗ -12.3∗ 0.26 - - - 0.10
075936.1+132116 - 16.5 -11.8 - Arsioli & Chang (2016) 1.78±0.13 - 0.40
080004.0+621014 5BZB 16.8 -12.5 - - - - 0.06
080015.4+561107 - 15.5 -12.0 - Arsioli & Chang (2016) 1.96±0.11 - 0.20
080102.1+644448 5BZB 16.0 -12.1 0.2∗ - - - 0.16
080135.8+463824 - 16.0 -12.2 0.369 Arsioli & Chang (2016) 2.30±0.36 - 0.40
080212.4+554353 - 15.6∗ -12.8∗ - - - - 0.03
080312.1−033600 - 15.8 -12.1 - 3FGL J0803.3−0339 2.00±0.07 0803.3−033 0.16
080322.9+481617 5BZB 15.9 -12.5 0.5 - - - 0.06
080457.7−062425 - 16.9 -11.8 >0.43 3FGL J0805.0−0622 1.90±0.13 - 0.32
080508.8+685600 - 15.5 -12.0 - - - - 0.20
080526.5+753423 5BZB 16.3 -11.1 0.12 3FGL J0805.4+7534 1.92±0.04 0805.8+753 1.58
080610.6+020327 - 15.2 -12.1 - - - - 0.16
080625.9+593106 5BZB 15.3 -11.9 0.3∗ 3FGL J0806.6+5933 1.88±0.14 - 0.32
080938.8+345536 5BZG 16.6 -11.8 0.083 3FGL J0809.6+3456 1.67±0.13 0809.5+345 0.32
080949.0+521857 5BZB 15.9 -10.8 0.137 3FGL J0809.8+5218 1.88±0.02 0809.7+521 3.16
081011.9−703047 - 16.3 -12.5 - - - - 0.06
081201.7+023732 - 16.7 -11.6 - 3FGL J0812.0+0237 1.72±0.17 0811.9+023 0.50
081231.1+282056 - 15.4 -12.3 - - - - 0.10
081240.8+650911 5BZB 16.2 -11.9 - 3FGL J0813.3+6509 2.20±0.22 - 0.25
081258.3+153151 - >17.0 >-11.8 >0.7 - - - 0.32
081305.5+714314 - 16.1 -12.5 - - - - 0.06
081343.4−754757 - 15.6 -12.2 - - - - 0.13
081435.2+183028 - 16.2 -12.9 0.342 - - - 0.03
081602.8−121552∗ - 15.8∗ -12.4∗ - - - - 0.08
081627.1−131152 5BZB 16.4 -10.9 >0.37 3FGL J0816.4−1311 1.78±0.05 0816.3−131 2.51
081915.3+064220 - 15.3∗ -12.8∗ - - - - 0.03
081917.5−075626 5BZB 18.0 -11.5 >0.45 2FGL J0819.6−0803 1.58±0.24 - 0.63
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082030.7−031412 - 16.6 -12.2 - - - - 0.13
082130.1+213720 - 15.3 -12.9 - - - - 0.03
082253.2+701357 - 15.6 -11.9 - - - - 0.25
082314.5−632930 - 16.3 -12.2 >0.29 - - - 0.13
082320.5+112550 5BZB 17.1 -12.4 0.44 - - - 0.08
082355.6+394747 - 16.8 -12.3 - - - - 0.10
082406.4+613619 - 15.2 -11.9 - - - - 0.25
082427.7+624937 - 15.6 -12.5 - - - - 0.06
082555.2+401332 - 16.1 -12.4 - - - - 0.08
082627.7−640414 - 16.6 -11.2 - 3FGL J0826.3−6400 2.34±0.13 - 1.26
082706.1−070844 - 16.3 -11.6 0.247∗ 3FGL J0827.2−0711 2.07±0.13 - 0.79
082707.0+084121 5BZB >16.0 >-12.3 - - - - 0.10
082814.2+415351 5BZG 16.6 -12.2 0.225 - - - 0.13
082904.7+175415 5BZG 16.4 -11.8 0.089 Arsioli & Chang (2016) 2.41±0.12 - 0.20
083010.9+523027 - 16.8 -12.4 0.205 - - - 0.08
083015.1−094454 - 17.0 -11.9 - - - - 0.25
083117.2+513350 - 17.7 -13.1 - - - - 0.02
083251.4+330011 5BZB 18.0 -12.0 0.671 - - - 0.20
083357.0+472653 5BZB 16.0 -12.1 0.494 - - - 0.16
083417.5+182500 5BZB 15.0 -12.5 0.33 - - - 0.06
083713.3−185940 - 15.5 -12.3 - - - - 0.10
083724.5+145819 5BZB 16.7 -11.0 0.278 Arsioli & Chang (2016) 2.00±0.22 - 2.00
083918.7+361855 5BZB 15.4 -12.4 0.335 - - - 0.08
083952.6−054547 - 15.6 -12.3 - - - - 0.10
083955.0+121702 - 16.0 -12.1 0.336 - - - 0.25
084018.7−191027 - 15.3 -11.8 - - - - 0.32
084310.2+503409 - 16.0 -12.4 - - - - 0.08
084345.7−194807 - 15.5 -12.5 - - - - 0.06
084452.2+280409 - 17.9 -12.3 - - - - 0.10
084701.4−233700 5BZU 16.5 -11.7 0.061∗ 3FGL J0846.9−2336 2.03±0.06 0846.8−233 0.40
084712.8+113350 5BZB 17.8 -11.2 0.198 3FGL J0847.1+1134 1.74±0.11 0847.2+113 1.26
084827.9+811147 5BZG >16.0 >-12.2 0.175 - - - 0.13
085102.8+054905 5BZB 15.8 -12.3 0.48 - - - 0.10
085242.8+430253 - 16.5 -12.2 - - - - 0.13
085315.7+072228 - 15.9 -12.2 - - - - 0.13
085406.4+482324 - 15.3∗ -12.8∗ - - - - 0.03
085409.7+440830 5BZB 15.5 -11.9 - 3FGL J0854.2+4408 1.81±0.19 - 0.25
085440.0+162902 - 16.2 -12.8 - - - - 0.03
085627.1+602039 - >16.0 >-12.5 - - - - 0.06
085659.2+513553 - >16.0 >-12.9 - - - - 0.03
085730.1+062726 5BZG 16.2 -12.5 0.338∗ - - - 0.06
085749.8+013530 5BZB 15.4 -11.9 0.281 Arsioli & Chang (2016) 2.51±0.24 - 0.25
085834.3−071839 - 15.5 -12.5 - - - - 0.06
085910.1+834500 5BZB >17.0 >-11.8 0.33 - - - 0.32
085920.5+004712 5BZB 16.3 -12.1 0.57∗ - - - 0.16
085930.6+621730 5BZB 16.0 -12.3 - 3FGL J0859.1+6219 2.43±0.13 - 0.10
085958.3+560239 - 15.8∗ -12.7∗ - - - - 0.04
085958.6+294423 - 17.0∗ -12.8∗ 0.481 - - - 0.03
090051.5−154130 - 15.8 -12.3 - - - - 0.10
090131.9−043001 - 15.4∗ -12.2∗ - - - - 0.13
090200.1+431000 - 15.4∗ -12.7∗ 0.646 - - - 0.04
090317.8+344338 - 16.8∗ -12.7∗ 0.61 - - - 0.04
090416.8+725944∗ - 16.8∗ -12.3∗ - - - - 0.10
090522.9−053145 - 16.8 -13.8 - - - - 0.00
090534.9+135805 5BZB 15.1 -11.3 >0.34 3FGL J0905.5+1358 1.84±0.07 0905.7+135 1.00
090802.2−095936 5BZU 17.6 -11.9 0.053 Arsioli & Chang (2016) 1.82±0.25 - 0.25
090809.1−072708 - 16.0 -12.3 - - - - 0.10
090812.1+603539 - 16.2∗ -12.1∗ 0.294 - - - 0.16
090849.6+444604 - 16.9∗ -12.7∗ 0.348 - - - 0.04
090858.6−211854 - 15.7 -12.0 - 2FGL J0908.7−2119 2.37±0.16 - 0.20
090900.6+231112 5BZB 15.2 -11.8 0.223 3FGL J0909.0+2310 1.72±0.11 - 0.32
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090953.2+310602 5BZB 17.0 -11.6 0.272 Arsioli & Chang (2016) 1.91±0.23 - 0.50
091037.0+332924 5BZB 15.0 -11.0 0.35∗ 3FGL J0910.5+3329 1.98±0.08 0910.4+332 2.00
091222.9−251824 - 16.1 -12.1 - - - - 0.16
091230.5+155527 5BZG 16.9 -11.9 0.212 3FGL J0912.7+1556 1.35±0.23 - 0.25
091256.8+520947 - 17.7∗ -12.5∗ 0.411 - - - 0.06
091300.1−210320 5BZB 16.8 -11.0 0.198 3FGL J0912.9−2104 1.94±0.08 0913.1−205 2.00
091322.3+813305 5BZB 17.3∗ -12.1∗ 0.639∗ Arsioli & Chang (2016) 1.49±0.16 - 0.16
091326.7+782922 - 16.1 -12.7 - - - - 0.04
091408.2−015944 - 15.9 -12.4 - - - - 0.08
091522.4−203624 - 15.7 -12.3 - - - - 0.10
091552.3+293324 5BZB 15.8 -10.9 >0.19 3FGL J0915.8+2933 1.88±0.04 0915.9+293 2.51
091552.9+473820 5BZB 15.5 -12.4 0.407 - - - 0.08
091651.8+523827 5BZG 15.9 -11.7 0.19 Arsioli & Chang (2016) 1.79±0.15 - 0.40
091714.5−034314 - 16.6 -12.0 0.308 3FGL J0917.3−0344 1.76±0.2 - 0.20
091925.6+110659 5BZB 15.4∗ -12.6∗ 0.425 - - - 0.05
091926.2−220042 - 16.9 -12.5 - 3FGL J0919.5−2200 2.20±0.25 - 0.06
092015.4+391013 5BZB 17.2 -12.9 0.607 - - - 0.03
092057.4−225720 - >17.5 >-11.6 >0.45 3FGL J0921.0−2258 1.55±0.26 - 0.50
092113.0+684901 - 15.4 -12.5 - - - - 0.06
092252.0+755402 - 16.9 -12.5 - - - - 0.06
092339.0+052648 - 15.4 -12.2 - - - - 0.13
092401.0+053345 5BZB 16.8 -11.9 0.57 3FGL J0924.2+0534 2.43±0.12 - 0.25
092405.8+530033 5BZB 16.0∗ -12.7∗ 0.649 - - - 0.04
092542.7+595815 5BZB 15.5 -12.2 >0.7 3FGL J0925.6+5959 1.65±0.16 - 0.13
092637.3−131233 - 16.7 -12.4 0.138 - - - 0.08
092702.2+513732 - 16.7 -12.8 0.413 - - - 0.03
092818.4+042109 - 15.4 -12.2 - - - - 0.13
093004.0+494331 - 17.4 -12.8 0.573 - - - 0.03
093037.4+495025 5BZB 17.5 -11.3 0.187 3FGL J0930.0+4951 1.45±0.21 - 1.00
093056.8+393334 5BZB 17.1∗ -12.3∗ 0.64 - - - 0.10
093239.2+104234 5BZB 16.0 -12.0 0.361 Arsioli & Chang (2016) 2.00±0.16 - 0.20
093303.4+045235 - 16.6 -12.4 0.378 - - - 0.08
093321.9+213211 - 16.1 -12.8 - - - - 0.03
093430.1−172120 5BZB 17.7 -11.6 0.25 Arsioli & Chang (2016) 1.78±0.23 - 0.50
093848.4+441644 - 15.0∗ -12∗ 0.615 - - - 0.20
093904.5+491622 - 16.3 -12.6 0.403 - - - 0.05
093938.5−031502 - 15.5 -12.4 - - - - 0.08
094022.3+614825 5BZG 16.2 -11.8 0.21 3FGL J0941.0+6151 2.30±0.12 - 0.32
094309.4+135132 - 15.8∗ -12.5∗ 0.569 - - - 0.06
094340.6+444215 - 15.4 -12.6 - - - - 0.05
094355.4−070950 5BZB 16.0 -12.3 0.433 - - - 0.10
094432.2+573535 5BZB 16.0 -12.3 - - - - 0.10
094501.9−044833 - 15.2 -12.5 - - - - 0.06
094537.0−301332 - 16.2 -12.4 - - - - 0.08
094606.1+215138 - 16.7 -12.7 0.488 - - - 0.04
094620.2+010450 5BZB 17.9 -11.8 0.577 3FGL J0946.2+0103 1.70±0.23 - 0.32
094630.6+105202 - 16.9 -12.1 0.161 - - - 0.16
094709.4−254059 - 15.7 -11.4 - 3FGL J0947.1−2542 1.95±0.09 - 0.79
094933.9+480826 - 16.8 -13.1 0.728 - - - 0.02
095040.9+383043 - 17.4 -12.4 - - - - 0.08
095127.7+010209 5BZB 15.5 -12.3 0.5∗ - - - 0.10
095202.2−171443 - 16.3 -12.6 - - - - 0.05
095214.6+393615 5BZB 16.5 -12.3 >0.7 1FGL J0952.2+3926 2.50±0.22 - 0.10
095224.1+750212 5BZB 17.6 -12.0 0.181 Arsioli & Chang (2016) 1.28±0.16 0952.2+750 0.20
095302.6−084018 5BZB 15.3 -11.4 - 3FGL J0953.0−0839 1.81±0.04 0952.9−084 0.79
095304.3−765801 - 16.0 -11.6 - 3FGL J0953.1−7657c 1.91±0.15 - 0.50
095409.7+491458 5BZB 16.4 -12.0 >0.7 3FGL J0954.2+4913 1.33±0.22 - 0.25
095507.9+355100 5BZB 17.5 -11.8 0.834 Arsioli & Chang (2016) 1.88±0.25 - 0.32
095518.4−294611 - 15.1 -12.0 - - - - 0.20
095549.6+101429 - 15.8 -12.7 0.373 - - - 0.04
095622.6−095514 - 15.4 -12.2 - - - - 0.13
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095628.2−095719 - 16.8 -11.8 - Arsioli & Chang (2016) 1.68±0.25 - 0.32
095649.5+015600 5BZB 16.1∗ -12.7∗ >0.7 - - - 0.04
095652.0+411557 - 17.6∗ -11.9∗ - - - - 0.25
095800.4+473733 - 15.3 -12.8 0.485 - - - 0.03
095805.8−031739 5BZB 16.4 -12.1 >0.6 3FGL J0958.3−0318 1.52±0.2 - 0.16
095813.0−675241 - 16.2 -11.6 - 3FGL J0958.4−6752 2.21±0.14 - 0.50
095849.0+013218 - 17.9 -12.3 0.004∗ - - - 0.10
095849.8+703959 - >16.5 >-12.5 - Arsioli & Chang (2016) 2.03±0.2 - 0.06
095904.2−074412 - 15.1 -12.2 - - - - 0.13
095929.8+212321 5BZB 16.5 -11.9 0.36 3FGL J0959.7+2124 2.15±0.15 - 0.25
095947.6−113724 - 16.3 -12.5 - - - - 0.06
100008.8−000319 - 17.7 -13.0 - - - - 0.02
100202.2+340836 - 16.4 -12.9 0.412 - - - 0.03
100234.3+221614 5BZB 15.8 -11.9 >0.55 3FGL J1002.3+2220 2.31±0.16 - 0.25
100313.9+705912∗ - 15.0∗ -12.7∗ - - - - 0.04
100316.6+434400 - 15.0 -12.8 - - - - 0.03
100408.0+144909 - 17.0 -12.7 0.712 - - - 0.04
100444.6+375211 5BZB 15.8 -12.3 0.44 - - - 0.10
100520.4+240503 - 16.5 -12.4 0.476 - - - 0.08
100612.1+644010 5BZB 15.4∗ -12.3∗ >0.56 - - - 0.10
100652.7−075545 - 15.2 -12.3 - - - - 0.10
100656.4+345445 5BZB 15.2 -12.1 >0.5 3FGL J1006.7+3453 1.66±0.21 - 0.16
100811.4+470521 5BZB 17.1 -11.6 0.343 - - - 0.50
101015.9−311908 5BZB 16.8 -11.1 0.14 3FGL J1010.2−3120 1.58±0.1 1010.2−311 1.58
101244.2+422957 5BZB 16.8 -11.9 0.365 3FGL J1012.7+4229 1.66±0.13 - 0.25
101258.3+393238 5BZG 15.7 -12.4 0.17 - - - 0.08
101312.4+083208 - 16.5 -12.5 0.602 - - - 0.06
101436.6−210141 - 16.2 -12.2 - - - - 0.13
101504.0+492559 5BZB 16.2 -10.7 >0.2 3FGL J1015.0+4925 1.83±0.01 1015.0+492 3.98
101514.2−113803 - 17.2∗ -12.3∗ 0.151 - - - 0.10
101616.7+410812 - 17.3 -12.0 0.27 - - - 0.40
101619.3−040705 - 15.8∗ -12.9∗ - - - - 0.03
101659.7+213315 - 16.3 -13.0 - - - - 0.02
101706.6+520247 - 15.8 -12.5 0.379 - - - 0.06
101717.8−154932 - 15.2 -12.6 - - - - 0.05
101834.0+312833 5BZG >17.0 >-12.0 0.161 - - - 0.20
101858.3+215957 - 15.8 -12.5 0.572 - - - 0.06
102004.6−120959 - 15.5 -12.5 - - - - 0.06
102100.3+162554 5BZB 16.1 -12.0 0.556 Arsioli & Chang (2016) 2.34±0.25 - 0.20
102123.5−300220 - 16.0 -12.0 - - - - 0.20
102128.9+380644 5BZB 16.1 -12.5 0.467 - - - 0.06
102212.6+512359 5BZG 18.2 -11.7 0.142 - - - 0.40
102243.6−011301 5BZB 17.4 -11.3 >0.36 3FGL J1022.8−0113 1.87±0.09 1022.7−011 1.00
102251.1+452141 - 15.6 -12.8 - - - - 0.03
102339.7+300056 5BZB 15.8 -12.0 0.433 3FGL J1023.7+3000 1.75±0.21 - 0.20
102345.4−055523 - 17.6 -12.6 - - - - 0.05
102356.0−433601 5BZB 16.0 -10.9 >0.32 3FGL J1023.9−4335 1.79±0.06 - 2.51
102404.8−161935 - 15.8 -12.5 - - - - 0.06
102519.0−104106 - 15.9 -12.6 - - - - 0.05
102522.9+040229 5BZB 16.2 -12.3 0.2 - - - 0.10
102634.3−854314 5BZB 15.0 -11.5 - 3FGL J1026.4−8542 2.01±0.08 1026.9−854 0.63
102658.4−174857 5BZB 15.7 -11.3 0.114∗ 3FGL J1026.9−1750 1.92±0.05 1027.0−174 1.00
102703.4+060933 5BZB 16.5 -12.0 0.449 3FGL J1027.0+0609 2.09±0.2 - 0.20
102704.3+671618 - 16.3 -12.6 - - - - 0.05
102724.8+631752 5BZB 16.5 -12.3 0.58∗ 3FGL J1027.7+6316 2.00±0.14 - 0.10
102731.6+584547 - 15.7 -13.0 - - - - 0.02
102732.2+352621 5BZB 17.5 -12.3 >0.67 - - - 0.10
102827.6+055514 5BZG 17.3 -12.8 0.234 - - - 0.03
102839.3+170209 5BZG 15.7 -12.3 0.169 - - - 0.10
103040.3−203036 - 15.6 -12.4 - 3FGL J1030.4−2030 1.89±0.1 - 0.08
103118.4+505335 5BZB 17.0 -10.9 >0.3 3FGL J1031.2+5053 1.71±0.06 1031.4+505 2.51
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103137.7−260715 - >17.0 >-12.0 - - - - 0.20
103335.8−143626 5BZB 15.9 -12.1 0.367 - - - 0.16
103346.3+370824 - 17.1 -12.5 0.447 - - - 0.06
103655.9−195423 - 16.7 -12.6 - - - - 0.05
103744.2+571154 5BZB 15.9 -11.1 >0.33 3FGL J1037.5+5711 1.87±0.04 1037.6+571 1.58
103838.0+675515 - 17.3 -12.2 - - - - 0.13
103931.0+545547 - 17.7 -12.6 0.617 - - - 0.05
104028.9+094753 5BZB 16.6 -12.1 0.303 - - - 0.16
104058.3+134149 - 15.8 -12.3 0.556 3FGL J1040.8+1342 1.76±0.2 - 0.10
104108.5−120330 - 15.4 -12.6 - 3FGL J1040.9−1205 2.11±0.2 - 0.05
104144.3+594256 - 15.9 -12.8 0.425 - - - 0.03
104149.0+390118 5BZG 16.5 -12.2 0.21 3FGL J1041.8+3901 1.97±0.16 - 0.13
104303.7+005420 - 17.1 -11.8 - Arsioli & Chang (2016) 1.73±0.17 - 0.32
104516.2+275133 - 15.3 -12.4 - - - - 0.08
104549.8−414309 - 16.4 -11.9 0.07 - - - 0.25
104551.1−400041 - 16.3 -12.3 0.243 - - - 0.10
104603.0+754040 - 16.3 -12.4 - - - - 0.08
104651.4−253544 5BZB >18.0 >-11.5 0.25 3FGL J1046.9−2531 1.85±0.17 - 0.32
104654.4−002835 - 15.9 -12.9 - - - - 0.03
104745.7+543741 5BZB 15.8 -12.6 0.54∗ - - - 0.05
104756.8−373730 - 16.0 -12.0 - 3FGL J1047.8−3737 1.90±0.18 - 0.20
104810.9+855957 - 17.0∗ -12.1∗ - - - - 0.16
104857.6+500945 5BZG 17.4 -12.2 0.402 Arsioli & Chang (2016) 2.26±0.17 - 0.13
104920.7+431524 - 17.8 -12.6 - - - - 0.05
105036.4−023615 - 17.2 -11.9 - - - - 0.25
105040.2+331004 - 16.7 -12.6 - - - - 0.05
105125.3+394324 5BZB 16.8 -11.9 0.497 3FGL J1051.4+3941 1.66±0.17 - 0.25
105344.0+492956 5BZG 16.3 -11.6 0.14 3FGL J1053.7+4929 1.80±0.09 1053.5+493 0.50
105437.8+202739 - 16.7 -12.4 0.225 - - - 0.08
105451.4+162607 - 15.8 -12.5 0.505 - - - 0.06
105526.7+634234 - 15.4 -12.7 - - - - 0.04
105534.3−012616 5BZB 15.8 -12.0 - Arsioli & Chang (2016) 1.78±0.12 - 0.20
105606.6+025213 5BZG 17.9 -11.5 0.236 - - - 0.63
105707.3+551032 - 15.7 -12.2 - - - - 0.13
105722.9+230317 5BZB 16.9 -11.8 0.379 - - - 0.32
105750.6−275410 5BZB 15.9 -11.6 0.091 3FGL J1057.6−2754 1.89±0.18 - 0.50
105757.6+293714 - 16.1 -12.7 - - - - 0.04
105833.7+593217 - 17.4∗ -13.2∗ 0.591 - - - 0.01
105837.6+562810 5BZB 15.1 -10.9 0.143 3FGL J1058.6+5627 1.95±0.02 1058.5+562 2.51
105928.9−191220 - 15.3 -11.8 0.222 - - - 0.32
110021.0+401927 5BZB 16.3 -11.6 0.225∗ 3FGL J1100.5+4020 1.84±0.14 - 0.50
110021.0+421053 5BZG 16.0 -12.4 0.323 - - - 0.08
110124.7+410847 5BZB 15.7 -12.2 >0.58 3FGL J1101.5+4106 1.77±0.17 - 0.13
110252.9−014905 - 15.9 -12.6 - - - - 0.05
110312.7+440115 - 15.5∗ -12.5∗ 0.411 - - - 0.06
110337.6−232930 5BZB 17.3 -10.6 0.186 3FGL J1103.5−2329 1.64±0.14 1104.0−233 5.01
110339.1−402402 - 15.4 -12.1 - - - - 0.16
110356.0+002236 5BZG 15.7 -12.4 0.27 - - - 0.08
110357.1+261117 - 17.9 -12.2 0.712∗ - - - 0.13
110424.9+423454 - 17.0 -12.4 0.483 - - - 0.08
110427.3+381230 5BZB 16.3 -9.7.0 0.03 3FGL J1104.4+3812 1.77±0.0 1104.4+381 39.8
110530.6+311435 - 15.4 -12.6 0.42∗ - - - 0.05
110600.3+375445 - 15.9∗ -13.1∗ - - - - 0.02
110651.7+650603 - 17.9 -12.7 - - - - 0.04
110747.9+150209 5BZB 15.6 -11.8 0.25∗ 3FGL J1107.8+1502 1.99±0.09 - 0.32
110804.9+164820 - 17.9 -12.7 0.476 - - - 0.04
110858.3−014931 5BZG 17.2 -12.1 0.106 - - - 0.16
111008.2−392615 - 15.8∗ -12.5∗ - - - - 0.06
111037.6+713356 5BZB 15.5 -11.9 - 3FGL J1110.0+7134 2.03±0.15 - 0.25
111112.4+584656 - 17.7 -12.8 - - - - 0.03
111130.7+345202 5BZB 17.5 -12.0 >0.68 - - - 0.20
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111158.9+485701 - 15.9 -12.2 - - - - 0.13
111207.9+260803 5BZB 16.1 -12.1 0.45 - - - 0.16
111224.5+175120 5BZB 16.9 -11.9 0.42 3FGL J1112.6+1749 1.47±0.36 - 0.25
111603.4+371036 - 15.7 -12.3 0.269 - - - 0.10
111706.1+201407 5BZB 15.9 -11.0 0.138 3FGL J1117.0+2014 1.87±0.05 1116.9+201 2.00
111709.7+585921 - 16.0 -12.3 0.081 - - - 0.10
111717.2+580124 - 16.1∗ -13.4∗ - - - - 0.01
111717.5+000633 5BZB 16.6 -11.9 0.451 Arsioli & Chang (2016) 2.17±0.2 - 0.25
111757.1+535554 5BZB 15.6 -11.9 - 3FGL J1117.9+5355 1.93±0.07 - 0.25
111806.7−813619 - 16.7 -12.3 - - - - 0.10
111810.7−164338 - 16.2 -12.4 - - - - 0.08
111939.4−304720 5BZB 17.1 -12.1 0.412 3FGL J1119.7−3046 1.54±0.23 - 0.16
112047.9+421211 5BZB 16.2 -11.3 >0.35 3FGL J1120.8+4212 1.62±0.05 1120.8+421 1.00
112059.7+014456 5BZB 16.8 -12.4 0.368 - - - 0.08
112211.5+431646 5BZB 15.7 -12.3 - - - - 0.10
112313.2−090424 - 17.9 -12.4 - - - - 0.08
112317.9−323217 - >17.0 >-11.8 - Arsioli & Chang (2016) 1.88±0.21 - 0.32
112349.0+722958 5BZB 17.3 -11.9 - 3FGL J1123.6+7231 1.59±0.34 - 0.25
112411.7−371009 - 16.0∗ -12.1∗ - - - - 0.16
112414.7+234032 - 17.2 -12.2 - - - 0.13
112453.8+493409 5BZB 16.5 -11.9 >0.57 3FGL J1124.9+4932 1.80±0.15 - 0.25
112502.8−265402 - 16.1 -12.1 - - - - 0.16
112508.5−210105 - 15.5 -11.6 - 3FGL J1125.0−2101 1.78±0.14 - 0.50
112551.9−074220 5BZB 15.7 -11.9 0.279 3FGL J1125.8−0745 1.95±0.17 - 0.25
112611.8−203723 - 17.2 -12.1 - Arsioli & Chang (2016) 2.16±0.24 - 0.16
112635.5−425211 - 16.9 -12.0 - - - - 0.20
112727.1+290829 - 17.6 -12.7 - - - - 0.04
112912.4−101349 - 15.6 -12.4 - - - - 0.08
112946.1+585057 - 15.5 -13.1 - - - - 0.02
113031.9−780105 - 16.9 -11.3 - 3FGL J1130.7−7800 1.74±0.13 1130.4−780 1.00
113046.0−313807 - 16.2 -11.9 0.151 Arsioli & Chang (2016) 1.28±0.21 1130.8−313 0.25
113105.2−094405 - 16.3 -11.8 - Arsioli & Chang (2016) 1.84±0.17 - 0.32
113209.1−473853 - >17.5 >-11.6 - 3FGL J1132.0−4736 2.11±0.14 - 0.50
113302.8+184703 - 16.7 -12.3 0.716 - - - 0.10
113405.8+483903 - 16.5 -12.7 - - - - 0.04
113444.6−172900 5BZB 16.9 -12.0 0.571 Arsioli & Chang (2016) 1.58±0.2 - 0.20
113459.5+213455 - 16.7∗ -13.1∗ 0.602 - - - 0.02
113626.4+700926 5BZB 16.8 -10.8 0.045 3FGL J1136.6+7009 1.82±0.04 1136.5+700 3.16
113630.1+673704 5BZB 18.1 -11.1 0.134 3FGL J1136.6+6736 1.72±0.08 1136.8+673 1.58
113641.0+234726 - 15.4 -12.3 - - - - 0.10
113755.6−171041 5BZB 17.7 -11.3 0.6 Arsioli & Chang (2016) 1.69±0.1 1137.9−171 1.00
113900.7+553034 - 17.4 -12.3 - - - - 0.10
113921.8+312930 - 17.3 -12.7 - - - - 0.04
113922.3+612644 - 15.4 -13.3 - - - - 0.01
114023.4+152809 5BZB 16.2 -11.6 0.24 3FGL J1140.4+1529 1.26±0.28 - 0.50
114117.5+064122 - >17.0 >-12.4 0.672 - - - 0.08
114118.5+680428 - 15.3 -12.8 - 3FGL J1141.2+6805 1.61±0.16 - 0.03
114141.8−140754 - 16.2 -11.7 - 3FGL J1141.6−1406 2.18±0.13 - 0.40
114221.7+334201 - 15.3 -12.4 - - - - 0.08
114222.6−130642 - 15.8 -12.5 - - - - 0.05
114352.6+155821 - 16.6 -12.4 0.67∗ - - - 0.08
114523.2+334744 - 16.0∗ -12.5∗ - - - - 0.06
114535.1−034000 5BZG 16.9 -11.9 0.167 - - - 0.25
114708.8−323002 - 16.7 -12.0 >0.54 - - - 0.20
114746.3+673906 - 16.4 -13.3 - - - - 0.01
114747.8−211640 - 17.3 -12.4 - - - - 0.08
114755.0+220539 5BZG 16.3∗ -12∗ 0.276 - - - 0.20
114830.4−074507 - 16.1 -12.4 - - - - 0.08
114930.3+243925 5BZB 17.1 -11.6 0.402 3FGL J1149.5+2443 2.11±0.22 - 0.50
115016.9+101651 - 17.5 -12.3 0.284 - - - 0.10
115031.6−381832 - 15.8 -12.3 - - - - 0.10
26
Y.-L. Chang et al.: 2WHSP: A catalog of HE and VHE γ-ray blazars and blazar candidates
Table 4. continued.
2WHSP J 5BZcat Log(νpeak) Log(νpeakfνpeak ) z Fermi-LAT Γ 2FHL J FOM
115034.6+415439 5BZB 15.6 -11.4 >0.32 3FGL J1150.5+4155 1.76±0.04 1150.5+415 0.79
115244.8+340638 - 17.0 -12.8 0.705 - - - 0.03
115257.6+241345 - 17.6∗ -12.4∗ 0.175 - - - 0.08
115404.5−001009 5BZB 16.6 -11.9 0.254 3FGL J1154.2−0010 1.68±0.14 - 0.25
115518.1+092640 5BZB 15.3 -12.5 >0.7 - - - 0.06
115520.5−341718 - 15.8 -11.8 - 3FGL J1155.4−3417 1.34±0.22 1155.5−341 0.32
115522.0−135110 - 15.6 -12.7 - - - - 0.04
115531.3+060854 - 17.2 -12.9 0.368 - - - 0.03
115633.1−225003 - 15.5 -12.1 - 3FGL J1156.7−2250 1.89±0.16 - 0.16
115646.4+423807 5BZG 16.5∗ -12.5∗ 0.172 - - - 0.06
115653.0+241246 - 16.2 -12.0 0.145 - - - 0.20
115709.4+282200 5BZG >17.0 >-12.4 0.3 - - - 0.08
115803.7−033337 - >17.0 >-12.4 - - - - 0.08
115853.2+081942 - 16.1 -12.2 0.29 3FGL J1158.9+0818 1.87±0.19 - 0.13
115904.3+210208 - 16.6 -12.3 0.35 - - - 0.10
120106.1−000700 5BZG 16.5 -12.4 0.165 - - - 0.08
120136.0−060733 - 15.4 -12.4 - - - - 0.08
120205.7+283325 - 17.0 -12.5 0.379 - - - 0.06
120317.8−392620 - 16.2 -12.0 - 3FGL J1203.5−3925 1.64±0.15 - 0.20
120412.1+114555 5BZB 16.6 -11.6 0.296 3FGL J1204.0+1144 1.88±0.13 - 0.50
120440.3+503926 - 15.1 -13.2 - - - - 0.01
120444.8−032143 - 16.6 -12.3 - - - - 0.10
120454.1+533037 - 17.3 -12.8 0.402 - - - 0.03
120543.2+582932 - 16.3 -12.7 0.4∗ - - - 0.04
120744.5+314851 - 16.8 -12.2 0.67 - - - 0.13
120817.9−293759 5BZB 16.4 -12.3 0.249 - - - 0.10
120850.5+452951 - 17.5∗ -12.7∗ 0.654 - - - 0.04
120905.1−462948 - 15.4 -12.4 - - - - 0.08
120938.2+021017 5BZB 16.0 -12.3 0.291 - - - 0.10
121017.6+022343 5BZG 16.0∗ -12.3∗ 0.383 - - - 0.10
121026.5+392908 5BZB 17.5 -11.7 >0.7 - - - 0.40
121038.2−252712 - 15.9 -12.2 - - - - 0.13
121128.9−072239 - 16.1 -12.5 - - - - 0.06
121158.6+224233 5BZB 17.6 -11.4 0.45 Arsioli & Chang (2016) 1.78±0.18 - 0.79
121300.7+512935 5BZB 16.0 -12.2 - 3FGL J1212.6+5135 2.19±0.14 - 0.13
121323.0−261806 5BZB 17.9 -11.2 0.278 3FGL J1213.1−2619 1.89±0.2 - 1.26
121407.5+290328 - 16.6 -12.5 0.469 - - - 0.06
121510.9+073203 5BZG 16.3 -11.6 0.137 Arsioli & Chang (2016) 1.78±0.16 - 0.50
121603.1−024304 5BZB 15.9 -12.0 0.169 Arsioli & Chang (2016) 2.30±0.12 - 0.20
121618.2+205957 - 16.8∗ -12.3∗ 0.607 - - - 0.10
121752.0+300700 5BZB 15.1 -10.9 0.13∗ 3FGL J1217.8+3007 1.97±0.02 1217.9+300 2.51
121815.7+322344 - 17.0 -13.0 0.63 - - - 0.02
121902.8+402442 - 16.2 -12.9 - - - - 0.03
121919.3+303937 - 15.9 -12.7 0.243 - - - 0.04
121945.7−031422 5BZB 16.0 -11.8 0.299 3FGL J1219.7−0314 2.00±0.11 - 0.32
122012.1−000306 5BZB 15.8 -12.3 >0.7 - - - 0.10
122019.8−371413 - 15.9 -11.8 - 3FGL J1220.1−3715 2.05±0.13 - 0.32
122033.5+033807 - 15.8 -13.2 - - - - 0.01
122044.5+690525 - >17.5 >-12.0 - - - - 0.20
122107.6+474228 5BZG 17.6 -12.3 0.21 - - - 0.10
122114.4+352238 - 16.7 -12.8 0.51 - - - 0.03
122121.9+301036 5BZB 16.8 -10.8 0.18 3FGL J1221.3+3010 1.66±0.03 1221.3+300 3.16
122147.5−135157 - 15.0 -12.5 - - - - 0.06
122158.0+493413 - 16.5 -13.1 0.598 - - - 0.02
122208.6+030718 - >17.5 >-11.8 0.503 - - - 0.32
122211.4+354058 5BZB 15.3 -12.3 >0.57 - - - 0.10
122239.2−345841 - 16.1 -12.2 - - - - 0.13
122304.9+453444 - 17.1 -12.9 - - - - 0.03
122307.2+110038 - 16.1 -12.3 1.368∗ - - - 0.10
122337.0−303249 - 16.0 -11.7 - 3FGL J1223.3−3028 1.89±0.22 - 0.40
122340.0+124202 - 15.7 -12.0 - - - - 0.20
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122352.0+302725 - 16.9 -12.9 - - - - 0.03
122352.9+465048 5BZG 15.5 -12.5 0.25 - - - 0.06
122424.1+243623 5BZB 16.1 -11.2 0.218 3FGL J1224.5+2436 1.89±0.09 1224.4+243 1.26
122450.1+383248 - 15.1 -12.4 - - - - 0.08
122514.2+721447 5BZB >17.5 >-11.8 0.114∗ - - - 0.32
122525.1−155317 - 16.2 -12.4 - - - - 0.08
122644.2+063853 5BZB 15.8 -11.7 0.583 3FGL J1226.8+0638 1.56±0.24 - 0.40
122809.1−022135 5BZB 16.8 -12.1 0.323 - - - 0.16
122820.5+155654 - 15.8 -12.2 0.232 - - - 0.13
122902.9−140250 - 15.6 -12.4 - - - - 0.08
122944.5+164004 - 16.8 -12.3 0.682 - - - 0.10
123013.9+251806 5BZB 15.0 -10.7 0.135∗ 3FGL J1230.3+2519 2.24±0.06 - 3.98
123123.8+142124 5BZB 15.4 -11.8 0.256 3FGL J1231.8+1421 2.07±0.16 - 0.32
123131.3+641417 5BZB 16.4 -11.8 0.163 3FGL J1231.5+6414 1.94±0.2 - 0.32
123353.3+145925 - 16.0 -13.1 - - - - 0.02
123402.2+281502 - 16.4 -12.3 0.424 - - - 0.10
123417.0−385635 5BZB 16.2 -11.7 0.23 - - - 0.40
123511.0−140323 5BZB 17.0 -11.8 0.4 - - - 0.32
123554.7+055213 - 16.3 -12.7 0.682 - - - 0.04
123705.5+302004 5BZB 17.3 -12.2 0.33∗ - - - 0.13
123738.9+625841 5BZB 16.0 -11.9 0.297 3FGL J1237.9+6258 1.84±0.22 - 0.25
123800.1+263553 - 16.8 -12.9 0.21 - - - 0.03
123825.9+443136 5BZB 15.9 -12.8 0.312 - - - 0.03
123922.6+413250 5BZB >16.0 >-12.2 0.16∗ - - - 0.13
124112.0+495547 - 17.7 -12.9 0.225 - - - 0.03
124141.4+344029 5BZB 16.6 -12.0 >0.7 Arsioli & Chang (2016) 1.96±0.18 - 0.20
124148.1+063601 5BZB 16.5 -12.0 >0.51 3FGL J1241.9+0639 1.78±0.23 - 0.20
124149.3−145558 5BZB 15.2 -11.5 >0.44 3FGL J1241.6−1456 1.96±0.17 - 0.63
124232.2+763417 5BZB 16.5 -12.2 - - - - 0.13
124312.7+362743 5BZB 16.2 -10.8 >0.31 3FGL J1243.1+3627 1.77±0.04 1243.2+362 3.16
124430.7+351002 - 17.7 -12.7 - - - - 0.04
124700.7+442317 5BZB 16.2 -12.0 0.6∗ 3FGL J1247.0+4421 2.06±0.24 - 0.20
124816.6+074257 - 17.2 -12.7 0.57 - - - 0.04
124919.3−280834 - 16.0 -11.9 - 3FGL J1249.1−2808 2.07±0.12 - 0.25
125015.4+315559 5BZB 16.2 -11.9 >0.6 Arsioli & Chang (2016) 1.76±0.32 - 0.25
125117.8+103906 5BZB 15.6 -11.9 - 3FGL J1251.3+1041 2.44±0.15 - 0.25
125134.8−295842 5BZB 17.0 -12.0 0.48 - - - 0.20
125300.8+382625 5BZB 16.9 -12.0 0.372 - - - 0.20
125341.2−393159 5BZG 17.9 -11.3 0.179 Arsioli & Chang (2016) 1.83±0.18 - 1.00
125359.2+624256 5BZB 16.6 -12.4 - 3FGL J1254.1+6240 1.90±0.15 - 0.08
125408.1−280930 - 15.4 -12.2 - - - - 0.13
125445.4+470132∗ - 16.5∗ -12.6∗ - - - - 0.05
125446.9+175622 - 16.6 -12.9 - - - - 0.03
125447.5−142150 - 16.3 -12.3 - - - - 0.10
125449.2+570451 - 15.3 -12.8 0.84∗ - - - 0.03
125509.7+280417 - 16.9 -12.9 - - - - 0.03
125528.6+091059 - 17.1 -12.3 - - - - 0.10
125547.9+141108 - 16.8 -12.5 - - - - 0.06
125639.3+060906 5BZB 16.5 -12.5 0.42 - - - 0.06
125708.2+264924 - >17.5 >-12.3 0.375 - - - 0.10
125723.8+483231 - 15.3∗ -12.9∗ 0.727 - - - 0.03
125731.9+241239 5BZB 16.9 -11.5 0.14 - - - 0.63
125822.8+062827 - 16.1 -12.4 0.542 - - - 0.08
125847.9−044744 5BZB 16.9 -11.6 0.586∗ Arsioli & Chang (2016) 1.84±0.2 - 0.50
125908.5+412936 - 16.4 -12.3 0.27 - - - 0.10
130145.6+405623 5BZB 15.9 -12.0 0.652 Arsioli & Chang (2016) 2.08±0.14 - 0.20
130201.0+391524 - 16.8 -12.9 - - - - 0.03
130255.1+505617 5BZB 17.1 -12.1 0.686 - - - 0.16
130420.9−435309 5BZB 15.6 -11.0 - 3FGL J1304.3−4353 1.91±0.03 1304.5−435 2.00
130531.2+385522 5BZB 16.1 -12.4 0.376 - - - 0.08
130619.6−023642 - 17.3 -12.8 - - - - 0.03
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130630.9+192244 - 17.6 -12.1 0.314 - - - 0.16
130711.8+115316 - 16.0 -12.1 - - - - 0.16
130713.3−034430 - 15.3 -12.0 - Arsioli & Chang (2016) 2.55±0.2 - 0.20
130737.9−425938 5BZB 16.0 -10.8 - 3FGL J1307.6−4300 1.84±0.05 1307.6−425 3.16
130750.5+124828 - 15.6 -12.4 - - - - 0.08
130903.9−040611 - 15.3 -11.6 0.39 - - - 0.50
130931.0−224432 - 16.1 -12.4 - - - - 0.08
131012.1−115748 5BZB 16.5 -11.8 0.14 3FGL J1310.2−1159 1.80±0.19 - 0.32
131106.4+003509 5BZB 15.0 -11.9 - 3FGL J1311.0+0036 1.55±0.28 - 0.25
131155.6+085340 5BZB 17.1 -12.1 0.469 - - - 0.16
131234.6−185900 - 16.0 -12.2 >0.63 - - - 0.13
131248.7−235047 - 15.3 -11.9 - 3FGL J1312.7−2349 1.80±0.12 - 0.25
131330.1+020105 5BZB 15.5 -12.2 0.356 - - - 0.13
131440.6−090147 - >16.5 >-12.2 - - - - 0.13
131503.2−423648 5BZG 17.6 -10.9 0.105 3FGL J1314.7−4237 2.08±0.21 1315.0−423 2.51
131532.5+113330 - 16.7 -11.7 >0.61 3FGL J1315.4+1130 1.96±0.26 - 0.40
131639.7+205514 - 16.3 -12.2 0.255 - - - 0.13
131654.4+301453 - 16.2 -12.5 - - - - 0.06
131719.9+543512 - 15.9 -12.2 0.394 - - - 0.13
131934.0+312911 - 15.6 -12.5 - - - - 0.06
132001.0+344444 - 15.2∗ -13.1∗ - - - - 0.02
132140.6−343751 - 16.0 -12.0 0.142 - - - 0.20
132231.3+134430 5BZG 16.8 -12.4 0.377 - - - 0.08
132239.1+494336 - >17.5 >-12.1 0.33 - - - 0.16
132244.2+664941 - 15.2 -12.6 - - - - 0.05
132301.0+043951 5BZG 16.8 -11.9 0.224 3FGL J1322.9+0435 1.74±0.2 - 0.25
132358.3+140558 5BZB 15.4 -12.1 >0.47 3FGL J1323.9+1405 2.08±0.14 - 0.16
132527.4−280521 - 15.5 -12.4 - - - - 0.08
132531.6+662102 5BZB 16.7 -12.5 0.21 - - - 0.06
132541.8−022809 5BZB 17.9 -12.0 0.8∗ Arsioli & Chang (2016) 2.16±0.2 - 0.20
132555.9+080928 - 16.3∗ -12.5∗ - - - - 0.06
132614.8+293329 5BZB 16.3 -11.8 0.431 3FGL J1326.1+2931 2.07±0.24 - 0.32
132617.7+122957 5BZG 16.8 -11.9 0.204 Arsioli & Chang (2016) 2.14±0.29 - 0.25
132635.8+254958 - 16.8 -12.9 0.698 - - - 0.03
132744.8−082936 - 16.2 -12.4 - - - - 0.08
132833.4+114520 5BZB 17.4 -11.9 0.811 Arsioli & Chang (2016) 2.10±0.2 - 0.25
132840.6−472748 - 15.8 -11.7 - 3FGL J1328.5−4728 1.70±0.13 1328.6−472 0.40
132845.7+720401 - 15.3 -11.9 - - - - 0.25
132949.0+071417 - 15.3∗ -13∗ 0.582 - - - 0.02
133021.4+444120 5BZB 15.4 -12.1 - 3FGL J1330.0+4437 2.03±0.14 - 0.16
133025.7+700137 5BZB 15.4 -12.0 - 3FGL J1330.6+7002 1.84±0.12 - 0.20
133040.6+565519 5BZB 15.2 -12.5 >0.7 - - - 0.06
133044.2+470359 - 16.7 -13.5 - - - - 0.01
133046.0+113939 - 17.6∗ -12.7∗ 0.53 - - - 0.04
133102.8+565541 5BZG 17.6 -12.1 0.27 - - - 0.16
133105.7−002221 5BZB 15.6 -12.3 0.243 - - - 0.10
133325.9+623540 5BZB 16.1 -12.5 >0.7 - - - 0.06
133529.7−295038 5BZB >16.0 >-11.9 0.51∗ 3FGL J1335.4−2949 2.05±0.13 - 0.25
133612.1+231958 5BZB 16.1 -12.0 0.267 Arsioli & Chang (2016) 1.92±0.14 - 0.20
133647.2+602048 - 16.5∗ -12.7∗ 0.32 - - - 0.04
133806.3−093114 - 15.0 -12.8 - - - - 0.03
133844.4+412211 - 17.0 -13.0 0.469 - - - 0.02
133922.0+474212 - 17.2 -13.0 - - - - 0.02
133937.8+183059 - 16.3 -12.2 0.11 - - - 0.13
134029.8+441004 5BZB 17.3 -11.9 0.54 3FGL J1340.6+4412 1.93±0.24 - 0.25
134042.0−041005 - 15.3 -11.9 - 3FGL J1340.6−0408 1.98±0.13 - 0.25
134105.1+395944 5BZG 17.3 -11.6 0.172 3FGL J1341.0+3955 2.54±0.18 - 0.50
134223.4−313557 - 15.2 -12.2 - - - - 0.13
134240.3+093911 - 15.7 -12.3 >0.6 3FGL J1342.7+0945 1.87±0.15 - 0.10
134249.6+035845 - 16.3 -12.7 0.881∗ - - - 0.04
134251.0−353141 - 16.1∗ -12.2∗ 0.125 - - - 0.13
29
Y.-L. Chang et al.: 2WHSP: A catalog of HE and VHE γ-ray blazars and blazar candidates
Table 4. continued.
2WHSP J 5BZcat Log(νpeak) Log(νpeakfνpeak ) z Fermi-LAT Γ 2FHL J FOM
134342.4+410256 - 15.3 -12.8 - - - - 0.03
134347.4+002022 - 16.8 -12.8 0.242 - - - 0.03
134428.1+045029 - 17.4∗ -12.8∗ 0.472 - - - 0.03
134525.0+231037 - 16.1 -12.6 0.32 - - - 0.05
134544.9+702903 - 16.0 -12.6 - - - - 0.05
134621.3+080836 - >17.0 >-12.5 0.926∗ - - - 0.06
134706.7−295841 - 15.4 -11.6 - 3FGL J1346.9−2958 1.74±0.13 - 0.50
134853.3+075647 5BZG 16.3 -11.9 0.25 - - - 0.25
134914.7−060051 - 15.3 -12.3 - - - - 0.10
134944.8−034958 - 16.7 -12.7 - - - - 0.04
134951.1+421646 - 17.0 -12.3 0.289 - - - 0.10
135043.7−310926 - 15.4 -12.0 - - - - 0.20
135120.8+111453 5BZB 15.8 -11.5 >0.51 3FGL J1351.4+1115 1.71±0.09 - 0.63
135126.9−000115 - 15.2 -13.1 - - - - 0.02
135132.8−263317 - 15.3 -12.0 - - - - 0.20
135159.5+041211 - 15.8 -12.6 0.257 - - - 0.05
135206.7+425236 - 15.6 -12.6 >0.5 - - - 0.05
135328.0+560056 5BZB 16.3 -11.8 0.404 Arsioli & Chang (2016) 2.28±0.18 - 0.32
135340.1−663956 - 15.5 -11.4 - 3FGL J1353.5−6640 1.91±0.1 1353.5−664 0.79
135345.1−393709 - 16.0 -12.2 - - - - 0.13
135406.6+532743 - 17.8 -12.7 0.472 - - - 0.04
135537.3+251507 - 17.3 -12.9 0.546 - - - 0.03
135650.1−071336 - 17.8 -12.4 >0.45 - - - 0.08
135712.9−014600 5BZB 17.0∗ -12.2∗ 0.547 - - - 0.13
135758.2+055128 - 15.9 -13.1 - - - - 0.02
135856.2+365424 - 16.6 -12.9 >0.63 - - - 0.03
135908.8+332205 - 15.7 -12.9 0.442 - - - 0.03
135922.6−020010 5BZB 16.8 -12.4 0.004 - - - 0.08
140022.0−400822 - 15.9 -12.2 - - - - 0.13
140027.0−293936 - >17.5 >-12.1 - - - - 0.16
140108.6−232235 - 15.4 -11.8 >0.34 - - - 0.32
140121.1+520928 5BZB >17.5 >-12.0 0.482 - - - 0.20
140125.3+031629 - 15.3 -12.7 - - - - 0.04
140150.2−294148 - 16.5 -12.2 0.094 - - - 0.13
140203.7+674103 - 15.6 -12.2 - - - - 0.13
140244.9+632020 - 16.5∗ -12.5∗ 0.34 - - - 0.06
140350.2+243303 - 15.8 -12.3 0.34 - - - 0.10
140449.6+655430 5BZB 16.6 -12.0 0.363 3FGL J1404.8+6554 2.09±0.13 1404.9+655 0.20
140450.8+040202 5BZB 15.7 -11.4 >0.37 3FGL J1404.8+0401 1.98±0.11 - 0.79
140519.6+305351 - 15.5 -12.6 0.34 - - - 0.05
140550.2+231112 - 16.2 -12.7 - - - - 0.04
140609.5−250808 - 15.0 -12.0 - 3FGL J1406.0−2508 1.89±0.11 1406.2−250 0.20
140629.9−393508 5BZB 16.3∗ -12.2∗ 0.37 Arsioli & Chang (2016) 1.46±0.15 - 0.13
140630.1+123620 5BZB 17.0∗ -12.1∗ >0.7 - - - 0.16
140635.8−005548 - 16.4 -12.1 0.279∗ - - - 0.16
140641.4+481824 - 16.0 -12.5 0.098∗ - - - 0.06
140642.7+530832 5BZB 16.1 -12.8 0.458 - - - 0.03
140653.5+272605 - 16.7 -12.3 0.203 - - - 0.10
140659.1+164206 5BZB 17.0 -11.7 >0.54 3FGL J1406.6+1644 1.65±0.21 - 0.40
140705.2+104810 - 15.7 -12.3 0.836∗ - - - 0.10
140710.3+380334 - 15.8 -12.9 - - - - 0.03
140713.0−070938 - 16.3 -12.3 - - - - 0.10
140734.0+120941 - 16.6 -12.9 - - - - 0.03
140848.1+221432 - 16.7∗ -12.5∗ 0.291 - - - 0.06
140919.0+135240 5BZB 16.6∗ -12.1∗ 0.58 - - - 0.16
140923.5+593939 5BZB 15.0 -12.4 0.496 - - - 0.08
140954.7−104856 - 15.1 -12.3 - - - - 0.10
141003.9+051556 5BZB 15.5 -12.7 0.544 - - - 0.04
141012.3+113547 - 16.4 -12.5 - - - - 0.06
141027.0+275953 - 16.3 -12.9 - - - - 0.03
141029.5+282054 5BZB 15.9 -11.9 >0.54 3FGL J1410.4+2821 1.97±0.16 - 0.25
30
Y.-L. Chang et al.: 2WHSP: A catalog of HE and VHE γ-ray blazars and blazar candidates
Table 4. continued.
2WHSP J 5BZcat Log(νpeak) Log(νpeakfνpeak ) z Fermi-LAT Γ 2FHL J FOM
141030.7+610011 5BZB 17.1 -12.3 0.384 - - - 0.10
141136.3−024032 - >15.0 >-13.0 - - - - 0.02
141140.4+340423 5BZB 16.9 -12.6 0.421 - - - 0.05
141324.5+484534 - 15.9 -13.7 - - - - 0.00
141335.5+230956 - 15.2 -12.7 - - - - 0.04
141358.3+764454 - 15.3 -11.4 - - - - 0.79
141409.1+343057 5BZG 15.7 -12.4 - - - - 0.08
141427.3+035800 - >17.0 >-12.0 - - - - 0.20
141446.1+163906 - 17.1 -12.8 - - - - 0.03
141627.7+444645 - 15.8∗ -12.3∗ - - - - 0.10
141706.4+624637 - 17.0∗ -12.7∗ 0.323 - - - 0.04
141749.9+593526 - 15.5 -12.9 0.629 - - - 0.03
141756.5+254324 5BZB 17.4 -11.0 0.24 3FGL J1417.8+2540 2.16±0.19 1418.0+254 2.00
141826.2−023333 5BZB 15.5 -11.0 >0.356 3FGL J1418.4−0233 1.71±0.08 1418.3−023 2.00
141839.7+243332 - 15.7 -12.9 - - - - 0.03
141900.3+773229 5BZB 16.0 -11.7 >0.27(f) 3FGL J1418.9+7731 1.91±0.1 1418.6+773 0.40
141904.9+133346 - 16.9 -12.2 - - - - 0.13
142041.5+554449 - 16.0∗ -13∗ - - - - 0.02
142227.4+233740 - 16.4 -12.7 0.726 - - - 0.04
142238.8+580154 5BZB 17.8 -11.3 0.638 3FGL J1422.8+5801 2.02±0.22 - 1.00
142320.5+053000 - 16.3 -12.7 0.543 - - - 0.04
142421.1+370552 5BZG 16.3 -12.4 0.29 - - - 0.08
142422.9+343356 5BZB 16.6 -12.0 0.576 - - - 0.20
142452.6−143100 - 15.7 -12.3 - - - - 0.10
142508.0+664937 - 15.9 -12.8 - - - - 0.03
142645.4+241523 5BZB 16.3 -12.1 >0.7 - - - 0.16
142659.5−255832 - 17.3 -11.9 >0.5 - - - 0.25
142700.3+234800 5BZB 15.0 -10.4 >0.604(c)3FGL J1427.0+2347 1.82±0.02 1427.0+234 7.94
142710.4+054130 - 16.2 -12.1 - - - - 0.16
142722.9+590730 - 17.0 -13.1 - - - - 0.02
142739.6−252103 - >16.0 -12.1 0.318 - - - 0.32
142745.8+390831 5BZG 15.8 -12.6 0.165 - - - 0.05
142829.8+743002 - 16.9 -12.5 - - - - 0.06
142832.5+424020 5BZB 18.1 -10.7 0.129 3FGL J1428.5+4240 1.57±0.08 1428.5+423 3.98
142904.6+120409 5BZB 17.3 -12.1 >0.7 - - - 0.16
142918.1−013853 - 17.3 -12.4 - - - - 0.08
143004.9+412706 - 16.3∗ -12.5∗ 0.663 - - - 0.06
143109.5+271019 - 16.0 -12.4 0.2 - - - 0.08
143117.3+110833 - 15.6 -12.4 >0.64 - - - 0.08
143211.5+764354 - 15.9 -12.2 - - - - 0.13
143327.6+244117 5BZB 15.7 -12.2 >0.62 - - - 0.13
143342.7−730437 - >17.5 >-11.5 - Arsioli & Chang (2016) 1.26±0.23 - 0.63
143554.8+395729 - 15.5 -12.7 0.755 - - - 0.04
143657.7+563924 5BZB 16.9 -11.7 >0.43 3FGL J1436.8+5639 1.98±0.12 1437.0+563 0.40
143803.1−031511∗ - 16.1∗ -12.5∗ - - - - 0.06
143823.9+085724 - 15.4∗ -12.7∗ - - - - 0.04
143825.4+120418 5BZB 17.1 -12.1 0.848 Arsioli & Chang (2016) 2.02±0.33 - 0.16
143917.3+393242 5BZB 15.9 -11.2 0.344 3FGL J1439.2+3931 1.77±0.11 - 1.26
143921.1−124312 - 15.9 -12.1 - - - - 0.16
143924.4+390410 - 15.5 -12.4 0.17 - - - 0.08
143931.9+064014 - 17.0∗ -12∗ - - - - 0.20
143950.8−395518 - 15.7 -12.0 - 3FGL J1440.0−3955 1.86±0.2 - 0.20
144037.7−384654 - 17.2 -11.2 >0.35 3FGL J1440.4−3845 1.73±0.14 1440.7−384 1.26
144110.2+010216 - 16.1 -13.1 - - - - 0.02
144201.4+064229 - 17.0 -12.7 0.693 - - - 0.04
144236.4−462300 - 15.8 -12.0 0.103 Arsioli & Chang (2016) 1.98±0.2 - 0.20
144248.1+120039 5BZB 17.2 -11.2 0.16 3FGL J1442.8+1200 1.80±0.11 1442.9+115 1.26
144357.1−390839 5BZB 15.7 -10.9 0.065 3FGL J1444.0−3907 1.81±0.03 1443.9−390 2.51
144434.9+633606 5BZG 17.4 -12.1 0.297 - - - 0.16
144436.9−250930 - 16.2 -12.2 - - - - 0.13
144446.0+474256 - 16.3 -12.8 0.581 - - - 0.03
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144503.7+080202 - >17.0 >-12.3 - - - - 0.10
144506.1−032612 5BZB 17.4 -11.2 >0.31 3FGL J1445.0−0328 1.96±0.12 1445.1−032 1.26
144644.8−182925 - 16.2 -12.2 - 3FGL J1446.8−1831 1.72±0.2 - 0.13
144743.6+460915 - 15.8 -12.8 >0.7 - - - 0.03
144800.4+360830 5BZB 15.1 -11.5 - 3FGL J1448.0+3608 1.82±0.05 1448.1+360 0.63
144941.8−091000 - 15.8 -12.1 - - - - 0.16
145021.2−273051 - 16.1 -12.2 - - - - 0.13
145044.3−065004 - 16.1 -12.3 - - - - 0.10
145127.7+635419 5BZB >17.0 >-12.0 0.65 3FGL J1451.2+6355 1.88±0.2 - 0.20
145301.9+255953 - 15.6 -13.2 >0.7 - - - 0.01
145400.7−120154 - 15.2 -12.0 - - - - 0.20
145508.2+192014 - 16.8∗ -12.2∗ 0.115 Arsioli & Chang (2016) 2.78±0.36 - 0.13
145543.6−760051 - 16.0 -11.7 - Arsioli & Chang (2016) 1.54±0.14 - 0.40
145550.2+635905 - 15.8 -12.3 - - - - 0.10
145603.5+504825 5BZB 16.9 -11.7 >0.49 Arsioli & Chang (2016) 2.17±0.31 - 0.40
145631.4+635035 - 15.8 -12.3 - - - - 0.10
145707.3+185438 - 16.6∗ -12.6∗ 0.373 - - - 0.05
145820.7+412101 - 15.5 -12.4 0.17 - - - 0.08
145827.3+483245 5BZB 17.0 -12.0 0.541 - - - 0.20
145948.5+314112 5BZB 16.7 -13.1 0.636 - - - 0.02
150020.2−020122 - 16.4 -12.5 - - - - 0.06
150101.7+223806 5BZB 15.1 -11.0 0.235 3FGL J1500.9+2238 1.92±0.06 - 2.00
150106.5+422235 - 16.2 -12.9 0.298 - - - 0.03
150235.4−052823 - 16.9 -12.2 - - - - 0.13
150340.6−154113 5BZB 17.6 -10.9 >0.38 3FGL J1503.7−1540 1.77±0.09 1503.7−153 2.51
150355.9+655940 - 16.3 -12.4 - - - - 0.08
150425.6−004742 - 15.3 -12.5 - - - - 0.06
150426.7+302405 - 15.8 -12.5 - - - - 0.06
150507.0+012129 - 16.9∗ -13.2∗ 0.641 - - - 0.01
150525.3−824230 - 17.3 -12.1 - 3FGL J1504.5−8242 2.30±0.16 - 0.16
150604.3+102232 - 17.4 -12.6 - - - - 0.05
150637.0−054004 5BZB 17.1 -12.0 0.518 Arsioli & Chang (2016) 1.89±0.19 - 0.20
150644.4+081359 5BZB 15.5 -11.5 - 3FGL J1506.6+0811 1.87±0.11 1506.8+081 0.63
150651.1+553208 - 16.6 -13.2 - - - - 0.01
150653.8+021904 5BZG 16.5∗ -12.7∗ 0.22 - - - 0.04
150654.7−215925 - 15.4 -12.0 0.13∗ - - - 0.20
150708.2+454333∗ - 16.0∗ -13∗ - - - - 0.02
150714.2+550419 - 15.4 -12.8 0.474 - - - 0.03
150716.3+172102 - 15.7 -12.3 0.565 3FGL J1507.4+1725 1.78±0.2 - 0.10
150826.5+014645 - 16.2∗ -12.8∗ 0.507 - - - 0.03
150842.5+270908 5BZB 17.8 -11.4 0.27 3FGL J1508.6+2709 1.71±0.2 - 0.79
150858.3+315438 - 17.1 -12.8 - - - - 0.03
150901.9+724354 - 15.5 -12.1 - - - - 0.16
151041.0+333503 5BZG >17.5 >-11.5 0.114 Arsioli & Chang (2016) 1.47±0.28 - 0.63
151136.8−165326 - 15.8 -12.0 >0.56 Arsioli & Chang (2016) 2.69±0.35 - 0.20
151148.4−051345 - 17.1 -11.2 - 3FGL J1511.8−0513 2.03±0.11 - 1.26
151154.7+562935 - 17∗ -13∗ 0.56 - - - 0.02
151212.7−225508 - 15.5 -11.8 - 3FGL J1512.2−2255 1.91±0.11 - 0.32
151234.5+162840 - 17.5 -12.6 0.187 - - - 0.05
151324.1−075451 - 16.8∗ -12.1∗ >0.64 - - - 0.16
151402.8+312612 - 16.6 -12.5 - - - - 0.06
151428.0−252053 - 16.0 -12.4 - - - - 0.08
151433.7+190319 5BZB 15.5 -12.5 >0.54 - - - 0.06
151549.8−305817 - 15.5 -12.1 - - - - 0.16
151556.0+242620 5BZG 16.3 -12.6 0.228 - - - 0.05
151618.7−152344 5BZB 18.0 -11.7 >0.54 Arsioli & Chang (2016) 2.23±0.22 - 0.40
151641.5+291810 5BZG >17.0 >-12.0 0.13 - - - 0.20
151747.5+652523 5BZB 16.3 -11.1 0.702 3FGL J1517.6+6524 1.78±0.07 1517.7+652 1.58
151802.3+651057 - 16.5 -12.5 - - - - 0.06
151803.4−273131 - 15.0 -11.4 - 3FGL J1518.0−2732 2.13±0.05 1517.9−273 0.79
151826.5+075222 - 15.9 -12.2 0.41 Arsioli & Chang (2016) 1.70±0.23 - 0.13
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151845.7+061355 - 17.2 -11.5 0.102 Arsioli & Chang (2016) 1.84±0.19 - 0.63
151915.8+553644 - 15.5 -12.5 - - - - 0.06
152039.2−054641 - 16.1 -12.2 - - - - 0.13
152110.6+104054 - 16.5 -12.8 - - - - 0.03
152213.7−074817 - 15.6 -12.0 - - - - 0.20
152316.0+583514 - 16.0 -12.5 0.35 - - - 0.06
152418.4−414654 - 15.6 -11.9 - - - - 0.25
152559.4−242813 - 15.2∗ -12.1∗ 0.097 - - - 0.16
152624.7−070222 - 15.1∗ -12.6∗ - - - - 0.05
152625.0+575854 - 17.0 -13.2 - - - - 0.01
152646.6−153025 - 16.2 -11.8 >0.43 Arsioli & Chang (2016) 2.12±0.17 - 0.32
152913.5+381216 5BZB 15.7 -12.0 >0.59 Arsioli & Chang (2016) 1.82±0.19 - 0.20
153103.7−861225 - 15.6 -11.8 - - - - 0.32
153120.6+564906 - 15.3 -12.8 - - - - 0.03
153152.3+262053 - 17.0 -12.9 - - - - 0.03
153202.2+301627 5BZG 16.4 -12.0 0.065 3FGL J1532.0+3018 1.77±0.13 - 0.20
153211.5+482024 - 17.0∗ -13∗ - - - - 0.02
153305.8+524757 - 17.3 -13.2 0.476 - - - 0.01
153311.2+185429 5BZB 17.2 -11.5 0.305 3FGL J1533.2+1852 1.89±0.18 - 0.63
153324.1+341640 5BZB 15.6 -11.8 - 3FGL J1533.5+3416 1.85±0.16 - 0.32
153500.7+532036 5BZB 17.2 -11.5 >0.59 3FGL J1534.4+5323 1.96±0.2 - 0.63
153529.5−313346 - 15.4 -12.1 - - - - 0.16
153544.8+155850 - 16.1 -13.1 - - - - 0.02
153622.9+122210 - 15.9 -12.7 0.36 - - - 0.04
153646.6+013759 5BZB >18.0 >-11.7 0.311 - - - 0.32
153651.0+394506 - 16.1 -13.4 - - - - 0.01
153737.0+340148 - 17.2 -12.9 0.327 - - - 0.03
153812.4+010823 - 17.2 -12.1 - - - - 0.16
153941.2−112835 - 15.7 -11.6 - 3FGL J1539.8−1128 2.08±0.15 - 0.63
153955.1−181435 - 15.6 -12.0 - - - - 0.20
154015.9+815505 5BZB 16.2 -11.3 - 3FGL J1540.1+8155 1.60±0.08 1540.5+815 1.00
154202.9−291509 - 17.3 -11.9 - Arsioli & Chang (2016) 1.75±0.09 - 0.25
154347.0+163153 - 17.5 -12.7 - - - - 0.04
154418.7+045821 5BZG 17.0∗ -12.1∗ 0.326 - - - 0.16
154433.1+322147 - 15.3 -12.6 >0.52 - - - 0.05
154512.4+091133 - 17.0∗ -12.8∗ 0.365 - - - 0.03
154516.3+643919 - 15.1 -12.3 - - - - 0.10
154534.6−001927 - 16.3 -12.8 - - - - 0.03
154604.2+081913 5BZB 15.1 -11.8 >0.35 3FGL J1546.0+0818 1.69±0.11 - 0.32
154625.0−285723 - 16.5 -12.0 >0.6 Arsioli & Chang (2016) 1.70±0.19 - 0.20
154712.1−280221 - 15.8 -12.1 >0.57 3FGL J1547.1−2801 1.71±0.16 - 0.16
154819.0−025903 - 15.4 -12.4 - - - - 0.08
154827.3−211105 - 16.5 -12.2 - - - - 0.13
154849.6−225102 5BZB 16.2 -11.2 0.192 3FGL J1548.8−2250 2.05±0.07 1548.7−224 1.26
154901.9+482157 - 17.2 -12.5 - - - - 0.06
154918.5+423459 - 16.0 -12.6 - - - - 0.05
154939.5+195356 - 17.2 -12.8 0.748 - - - 0.03
154943.0−292348 - 16.2 -12.3 - - - - 0.10
154946.3−304501 - 16.3 -12.1 - 3FGL J1549.9−3044 1.44±0.17 - 0.16
154952.0−065907 - 16.3 -11.7 - 3FGL J1549.7−0658 1.92±0.09 1549.8−065 0.40
154954.4+582607 - 17.6 -12.3 - - - - 0.10
155053.2−082245 - 15.5 -11.8 - Arsioli & Chang (2016) 1.93±0.23 - 0.32
155210.1+315908 5BZG 17.8 -12.3 0.584 - - - 0.10
155214.4+601709 - 17.0 -13.1 - - - - 0.02
155412.0+241426 5BZB 16.8 -12.1 0.301 - - - 0.16
155424.1+201125 5BZB 17.4 -11.5 0.273 3FGL J1554.4+2010 2.25±0.18 - 0.63
155432.5−121324 - 15.8 -12.0 - Arsioli & Chang (2016) 1.78±0.14 - 0.20
155533.4+780929 - 15.8 -12.5 - - - - 0.06
155543.0+111123 5BZB 15.6 -10.4 >
0.443(d)
3FGL J1555.7+1111 1.68±0.02 1555.7+111 7.94
155702.9+244217 - 16.0∗ -13∗ 0.438 - - - 0.02
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155720.8+094321 - >17.0 >-12.4 0.201 - - - 0.08
155812.9+004452 - 16.6 -12.3 0.01 - - - 0.10
155850.2−034551 - 15.0 -12.7 - - - - 0.04
155900.5+451656 5BZB 16.0 -12.6 >0.7 - - - 0.05
155941.8+634414 - 15.7 -12.2 - - - - 0.13
160005.2−252438 - 16.0 -12.0 - 3FGL J1559.8−2525 1.94±0.24 - 0.20
160135.4+161238 - >17.0 >-12.5 0.528 - - - 0.06
160218.0+305108 5BZB 15.6 -12.0 >0.47 Arsioli & Chang (2016) 1.95±0.21 - 0.20
160258.8+421202 - >17.0 >-11.8 0.466 - - - 0.32
160307.9−244949 - 16.8 -12.3 - - - - 0.10
160446.4+334520 5BZG 17.2 -12.5 0.177 - - - 0.06
160519.0+542058 5BZB 17.9 -12.0 0.212 Arsioli & Chang (2016) 2.02±0.2 - 0.20
160533.1+091744 - 15.8 -12.2 - - - - 0.13
160618.4+134532 5BZB 16.6 -12.0 0.29 Arsioli & Chang (2016) 2.35±0.24 - 0.20
160620.8+563016 5BZB >16.0 >-12.1 0.45 3FGL J1606.1+5630 1.97±0.18 - 0.16
160740.0+254113 5BZB 17.8∗ -11.7∗ 0.532 - - - 0.40
161004.0+671026 5BZB >17.5 >-11.8 0.067∗ - - - 0.32
161046.3−664900 5BZB 15.8 -11.0 - 3FGL J1610.8−6649 1.77±0.04 1610.5−665 2.00
161049.9+725045 - 15.2 -12.0 - - - - 0.20
161140.1+234519 - 16.0 -12.5 - - - - 0.06
161204.8−043815 5BZB 17.4 -12.1 >0.7 - - - 0.16
161327.1−190835 - 15.8 -11.7 - Arsioli & Chang (2016) 2.23±0.16 - 0.40
161414.0+544251 - 17.9 -12.6 - - - - 0.05
161443.9−085120 - 16.5∗ -12.2∗ - - - - 0.13
161632.8+375603 5BZG 18.0 -12.0 0.2 - - - 0.20
161737.6−104734 - 15.6 -12.3 - - - - 0.10
161757.8+602415 - 15.7 -13.0 - - - - 0.02
161946.4+193415 - 17.0 -12.8 - - - - 0.03
162007.7+323027 - 16.8 -13.0 0.778 - - - 0.02
162044.2+343511 - 16.4 -12.5 0.36 - - - 0.06
162115.1−003140 5BZB 16.0 -12.2 >0.52 Arsioli & Chang (2016) 1.84±0.21 - 0.13
162142.3+454828 - 16.3∗ -12.8∗ 0.389 - - - 0.03
162259.2+440141 5BZB 15.8 -12.2 >0.5 - - - 0.13
162330.4+085724 - >17.5 >-12.1 0.533 Arsioli & Chang (2016) 1.94±0.26 - 0.16
162332.2+284129 5BZB 15.3 -12.3 >0.7 - - - 0.10
162458.6+220329 - 17.1 -12.9 - - - - 0.03
162625.8+351341 5BZB 16.0 -12.0 0.498 3FGL J1626.1+3512 1.70±0.22 - 0.20
162642.7+080314 - 16.5 -12.7 0.25 - - - 0.04
162646.0+630047 - 16.6 -12.0 - Arsioli & Chang (2016) 1.95±0.15 - 0.20
162819.3+363010 - 17.3 -12.9 - - - - 0.03
162838.9+252756 5BZG 16.9 -12.2 0.22 - - - 0.13
162920.1+263351 - 16.1 -12.7 - - - - 0.04
162939.4+701448 - 15.9 -12.7 - - - - 0.04
162950.5+584050 - 15.6 -12.7 - - - - 0.04
162957.9+531104 - 16.5 -12.4 0.345 - - - 0.08
163119.6+102403 - 15.5 -12.5 - - - - 0.06
163124.7+421702 5BZB 16.5 -12.2 0.47 - - - 0.13
163308.9+700549 - 15.9 -12.8 - - - - 0.03
163416.9+330520 - >17.0 >-13.0 - - - - 0.02
163559.3+183158 - 15.4 -12.4 - - - - 0.08
163658.3-124836 5BZB 17.5 -12.1 0.24 - - - 0.40
163715.2+463947 - 15.2 -12.7 - - - - 0.04
163716.6+131438 5BZB 15.7 -12.2 0.559 3FGL J1637.1+1314 2.22±0.24 - 0.13
163801.6+732615 5BZB 16.1 -12.2 - 3FGL J1637.8+7325 1.91±0.22 - 0.13
163920.5+560902 - 15.6 -12.5 - - - - 0.06
164014.8+685233 - 15.9 -11.8 - - - - 0.32
164213.9+654308 - 15.8 -12.6 - - - - 0.05
164220.2+221143 5BZB 16.5 -12.0 0.592 Arsioli & Chang (2016) 2.13±0.21 - 0.20
164328.9−064618 5BZG 15.3 -12.0 0.082 3FGL J1643.6−0642 2.07±0.17 - 0.20
164339.4+331646 - 15.6 -12.7 - - - - 0.04
164345.5−111924∗ - 15.5∗ -12.5∗ - - - - 0.06
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164419.9+454644 5BZG 16.3 -12.0 0.225 Arsioli & Chang (2016) 1.90±0.19 - 0.20
164438.5−015201 - 15.6 -12.4 - - - - 0.08
164549.6+792129 - >17.0 >-12.1 - - - - 0.16
164702.5+385000 - 15.6 -12.4 0.135 - - - 0.08
164720.8+132305 - 16.2 -12.7 - - - - 0.04
164845.1+800512 - 16.3 -12.2 - - - - 0.13
165139.8+721824 5BZB 16.2 -12.1 - 3FGL J1651.6+7219 1.80±0.19 1651.8+721 0.16
165221.1+493253 5BZU 17.0 -12.2 - - - - 0.13
165249.9+402309 5BZB 15.5 -12.5 >0.31 - - - 0.06
165312.1+761726 - 15.2 -12.1 - - - - 0.16
165352.2+394535 5BZB 17.9 -10.2 0.03 3FGL J1653.9+3945 1.72±0.01 1653.9+394 12.5
165419.6+470803 - 15.1 -12.5 - - - - 0.06
165431.0+651951 - 15.4 -13.0 - - - - 0.02
165504.0+660100 - 15.5∗ -13∗ - - - - 0.02
165517.8−224045 - 17.0∗ -11.8∗ - Arsioli & Chang (2016) 1.89±0.2 - 0.32
165655.0−201055 - 16.2 -11.6 >0.46 3FGL J1656.8−2010 1.96±0.08 - 0.50
165746.6+675527 - 15.1 -12.3 - - - - 0.10
170052.6+332430 - 16.3∗ -12.6∗ 0.383 - - - 0.50
170054.2+462853 - 16.1∗ -12.8∗ 0.365 - - - 0.03
170132.2+381103 - 17.7 -12.9 - - - - 0.03
170238.5+311542 5BZB 15.4 -12.3 >0.47 3FGL J1702.6+3116 1.40±0.15 - 0.10
170433.7−052840 - 17.6 -11.9 - 3FGL J1704.4−0528 2.18±0.1 1704.7−052 0.25
170534.7+604215 5BZB 16.1∗ -12.6∗ 0.28∗ - - - 0.05
170622.6+063847 - 15.5 -12.4 - - - - 0.08
170807.6+473222 - 15.2 -12.6 - - - - 0.05
170941.5+623918 - 15.0∗ -13∗ - - - - 0.02
171002.1+552033 - 17.2 -12.3 - - - - 0.10
171008.8+610222 - 16.3 -12.5 - - - - 0.06
171055.9+790104 - 15.4 -12.7 - - - - 0.04
171105.8+120812 - 15.6 -12.4 - - - - 0.08
171108.5+024403 - 16.4 -12.0 - Arsioli & Chang (2016) 1.87±0.19 - 0.20
171116.6+572518 - 16.2 -12.3 - - - - 0.10
171405.3−202751 - 17.5∗ -11.2∗ - 3FGL J1714.1−2029 1.34±0.17 1713.9−202 1.26
171419.6+371612 - 16.1 -12.4 - - - - 0.08
171427.3+560154 5BZB 16.6 -12.7 0.401 - - - 0.04
171531.3+205935 - 16.9 -12.4 - - - - 0.08
171553.2+884414 - 16.2 -12.3 - 3FGL J1711.6+8846 1.57±0.17 - 0.10
171610.0+433755 - 15.4 -12.7 - - - - 0.04
171622.9+480245 - 15.4 -12.6 - - - - 0.05
171841.4+360521 - 16.2 -12.7 0.35 - - - 0.04
171902.2+552433 - 17.9 -12.5 0.627 - - - 0.06
171921.4+120721 - 15.3 -12.3 - 3FGL J1719.3+1206 2.08±0.17 - 0.10
172034.9+100511 - 16.8 -12.5 - - - - 0.06
172309.8+682656 - 15.2 -12.8 - - - - 0.03
172504.3+115214 5BZB 15.5 -11.0 >0.18 3FGL J1725.0+1152 1.89±0.04 1725.1+115 2.00
172658.2+263436 - 16.7 -12.3 - - - - 0.10
172746.3−754618 - 15.6 -11.9 - - - - 0.25
172818.5+501309 5BZB 17.0 -10.8 0.055 3FGL J1728.3+5013 1.96±0.06 1728.2+501 3.16
172838.2+704102 - 16.8 -12.3 - - - - 0.10
172918.7+525559 5BZB 16.1 -11.9 0.349 - - - 0.25
173044.6+380454 - 16.2 -12.6 - - - - 0.05
173328.9+451950 5BZG 16.1 -12.5 0.317 - - - 0.06
173605.2+203301 5BZB 16.8 -11.6 - 3FGL J1736.0+2033 1.72±0.09 1736.1+203 0.50
173842.4+382102 - >17.0 >-12.0 - - - - 0.20
174017.2+432450 - 17.3 -12.8 - - - - 0.03
174108.8−733813 - 16.4 -12.1 - - - - 0.16
174357.4+375309 - 16.8 -12.7 - - - - 0.04
174357.7+193508 5BZG 17.8 -11.3 0.08 3FGL J1743.9+1934 1.78±0.1 1743.9+193 1.00
174419.7+185218 - 15.3 -12.3 - Arsioli & Chang (2016) 1.61±0.19 - 0.10
174702.5+493800 5BZB 17.0 -12.3 0.46∗ - - - 0.10
174929.8+463135 - 16.3 -12.6 - - - - 0.05
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175040.6+431130 - 15.0∗ -12.5∗ - - - - 0.06
175052.6+550750 - 15.6 -12.6 - - - - 0.05
175156.8+655116 - 15.7 -12.6 - - - - 0.05
175328.0+321847 - 17.8 -12.5 - 2FGL J1754.3+3212 2.02±0.06 - 0.06
175600.5+332924 - 15.2 -12.8 - - - - 0.03
175615.9+552218 5BZB 17.3 -11.4 >0.47 3FGL J1756.3+5523 1.98±0.13 1756.4+552 0.79
175713.0+703337 5BZB 17.3 -11.8 0.407 3FGL J1756.9+7032 1.71±0.23 - 0.32
175751.2−453506 - 15.8 -11.9 - - - - 0.25
175920.8+253924 - 17.3 -12.7 - - - - 0.04
175949.1+703718 5BZB 17.1 -12.1 - - - - 0.16
175955.2+150109 - 17.5∗ -12.7∗ - - - - 0.04
180001.9+281045 - 16.4 -12.1 - - - - 0.16
180143.9+295054 - 16.8 -12.1 - - - - 0.16
180158.9+610938 - 15.6 -12.2 - - - - 0.13
180311.3+723503 - 15.0 -12.7 - - - - 0.04
180354.3+654824 5BZB 16.0 -12.7 0.085∗ - - - 0.04
180408.8+004221 5BZG >17.0 >-11.5 0.087∗ - - - 1.00
180409.3+562121 - 17.1 -12.2 - - - - 0.13
180432.2+614120 - 15.1 -12.9 - - - - 0.03
180451.3+322026 - 16.0 -12.3 - - - - 0.10
180832.7+510406 - 15.4 -12.2 - - - - 0.13
180845.6+241905 - 15.5 -12.5 - - - - 0.06
180925.3+204130 5BZB 15.2 -11.7 - 3FGL J1809.4+2040 1.88±0.21 - 0.40
181117.9+034112 5BZB 15.8 -11.3 - 3FGL J1811.2+0340 1.71±0.09 1811.3+034 1.00
181403.4+382809 - 15.9 -12.1 - - - - 0.16
182020.8+362343 - 16.3 -12.1 - 3FGL J1820.3+3625 1.78±0.19 - 0.16
182338.5−345411 5BZU 16.5 -10.8 - 3FGL J1823.6−3453 1.75±0.05 1823.6−345 3.16
182419.0+430948 - 17.8 -11.7 - 3FGL J1824.4+4310 1.72±0.21 - 0.40
182531.9+601922 - 16.1∗ -12.5∗ - - - - 0.06
182833.4−592053 - 16.4 -11.8 - - - - 0.32
183140.9+422129 - 15.4 -13.0 - - - - 0.02
183200.9+382137∗ - 15.4∗ -12.3∗ - - - - 0.10
183229.2+512128 - 15.1 -12.9 - - - - 0.03
183806.7−600032 - 15.5 -12.1 - 3FGL J1838.5−6006 1.86±0.13 - 0.16
183820.5−602522 - 15.9∗ -12∗ 0.121 - - - 0.20
183849.0+480234 5BZB 15.8 -11.1 0.3∗ 3FGL J1838.8+4802 1.81±0.06 1838.9+480 1.58
184120.2+590607 5BZB 16.5 -12.5 0.53 - - - 0.06
184121.7+290939 - 16.0 -11.6 - 3FGL J1841.2+2910 1.57±0.16 - 0.63
184146.9+321838 5BZB 16.0 -11.7 - 3FGL J1841.7+3218 2.06±0.09 - 0.40
184207.3+521702 - 16.7 -12.7 - - - - 0.04
184430.7+544144 - 15.6∗ -12∗ - - - - 0.20
184514.0+555241 - 16.3 -12.5 - - - - 0.06
184642.6+561627 - 16.2∗ -12.4∗ - - - - 0.08
184822.4+653656 5BZB 17.7 -12.2 0.364 Arsioli & Chang (2016) 1.58±0.16 - 0.13
184847.1+424538 5BZB 17.4 -11.6 - 3FGL J1848.9+4247 1.66±0.26 - 0.50
184951.5+745317 - 15.4 -12.5 - - - - 0.06
185023.9+263153 - 16.0 -12.0 - Arsioli & Chang (2016) 1.77±0.16 - 0.20
185352.0+671354 5BZB 17.2∗ -12∗ 0.212 - - - 0.20
185550.8+805223 - 15.8 -12.8 - - - - 0.03
185813.3+432451 - 17.4 -11.9 - Arsioli & Chang (2016) 2.28±0.16 - 0.25
190411.8+362657 - >17.0 >-11.8 - 3FGL J1904.5+3627 2.10±0.16 1904.9+362 0.32
191744.8−192130 5BZB 15.0 -11.1 0.137 3FGL J1917.7−1921 1.87±0.04 1917.7−192 1.58
191809.6+375312 - 16.5 -11.8 - 3FGL J1918.0+3750 2.19±0.19 - 0.32
192024.9+693536 - 15.2 -12.9 - - - - 0.03
192242.2−745356 - 16.4 -12.2 - 3FGL J1923.2−7452 2.22±0.1 1922.4−745 0.13
192527.1−722044 - 15.3 -11.9 - - - - 0.25
192649.7+615442 5BZB 15.8 -11.4 - 3FGL J1926.8+6154 1.86±0.05 1926.9+615 0.79
193109.1+093715 5BZB 15.9 -10.9 - 3FGL J1931.1+0937 1.87±0.04 1931.1+093 2.51
193320.2+072621 5BZU 15.9 -11.5 - 3FGL J1933.4+0727 1.74±0.16 1933.3+072 0.63
193412.7−241919 - 16.4 -11.5 - Arsioli & Chang (2016) 1.59±0.14 - 0.63
193419.6+600139 - 15.5 -12.0 - 3FGL J1934.2+6002 2.14±0.16 - 0.20
36
Y.-L. Chang et al.: 2WHSP: A catalog of HE and VHE γ-ray blazars and blazar candidates
Table 4. continued.
2WHSP J 5BZcat Log(νpeak) Log(νpeakfνpeak ) z Fermi-LAT Γ 2FHL J FOM
193517.5+751932 - 16.0 -12.4 - - - - 0.08
193656.1−471950 5BZB 17.7 -11.2 0.265 3FGL J1936.9−4719 1.64±0.1 1936.9−472 1.26
193804.5−380117 - 15.1 -12.1 - - - - 0.16
194247.3+103326 5BZB 15.4 -11.1 - 3FGL J1942.7+1033 1.82±0.04 1942.8+103 1.58
194333.7−053352 - >117.5 >-11.8 - 3FGL J1944.0−0535 2.35±0.19 - 0.20
194356.2+211821 - 18.1 -11.0 - Arsioli & Chang (2016) 1.43±0.2 1944.1+211 2.00
194422.3−452330 - 15.9 -11.6 - 3FGL J1944.1−4523 1.56±0.26 1944.3−452 0.50
194455.0−214318 - 16.0∗ -11.5∗ >0.41 - - 1944.9−214 0.63
194615.1−520848 - 15.8 -12.2 - - - - 0.13
194934.1+090652 - 15.5 -12.1 - 2FGL J1949.9+0907 2.47±0.15 1949.5+090 0.16
195020.9+604750 - 16.9 -12.1 - - - - 0.16
195134.7−154929 - 16.0 -12.1 - - - - 0.16
195500.5−160338 - 16.4 -11.7 - 3FGL J1955.0−1605 2.05±0.1 - 0.40
195502.8−564027 - 16.0 -11.3 - 3FGL J1954.9−5640 1.88±0.15 1954.9−564 1.00
195547.8+021511 - 15.9 -11.4 - 3FGL J1955.9+0212 1.93±0.15 - 0.79
195755.0−241950 - 15.6 -11.8 - - - - 0.32
195814.8−301111 5BZG 16.9 -11.2 0.119 3FGL J1958.2−3011 1.82±0.16 1958.3−301 1.58
195945.5−472518 - 15.4 -11.3 - 3FGL J1959.8−4725 1.81±0.14 1959.6−472 1.00
195959.8+650853 5BZB 17.0 -10.0 0.047∗ 3FGL J2000.0+6509 1.88±0.02 2000.1+650 19.9
200053.8−364225 - 16.8 -12.3 - - - - 0.10
200112.7+435251 5BZB 15.2 -10.7 - 3FGL J2001.1+4352 1.97±0.02 2001.2+435 3.98
200204.0−573644 - 15.6 -12.0 - Arsioli & Chang (2016) 1.94±0.11 - 0.20
200213.6−583736 - 15.9 -12.2 - - - - 0.13
200245.3+630232 - 16.5 -12.2 - 3FGL J2002.7+6303 2.13±0.21 - 0.13
200505.8+700439 5BZB 17.0 -11.7 - 3FGL J2004.8+7003 1.91±0.1 - 0.40
200630.7+660411 - 15.4 -12.2 - 3FGL J2007.3+6605 2.59±0.09 - 0.13
200632.8+635549 - 15.6 -11.7 - - - - 0.40
200925.3−484953 5BZB 15.4 -10.3 0.071 3FGL J2009.3−4849 1.77±0.03 2009.4−484 10.0
201002.8−244736 - 15.4 -12.3 - - - - 0.10
201200.9−771219 - 17.2 -12.0 - Arsioli & Chang (2016) 2.07±0.29 - 0.20
201428.6−004721 5BZB 15.2 -11.8 0.231∗ 3FGL J2014.3−0047 1.83±0.1 - 0.32
201624.0−090333 5BZB 15.0 -11.6 0.367∗ 3FGL J2016.4−0905 1.98±0.06 2016.5−090 0.50
201924.7+712623 - 15.4 -12.4 - - - - 0.08
202429.2−084803 - 15.8 -11.8 - 3FGL J2024.4−0848 1.70±0.13 - 0.32
202630.7+764448 - 15.3 -12.5 - 3FGL J2026.3+7644 1.84±0.19 - 0.06
202803.5+720513 - 15.5 -12.4 - - - - 0.08
203057.1+193611 - 15.9 -11.9 - 3FGL J2031.0+1937 1.83±0.11 - 0.25
203155.9−345850 - 16.4 -12.4 0.124 - - - 0.08
203450.9−420038 - 15.7 -11.7 - 3FGL J2034.6−4202 1.95±0.12 - 0.40
203508.5−471708 - 15.2 -12.2 - - - - 0.13
203649.3−332830 - 16.3 -11.7 0.23 3FGL J2036.6−3325 1.30±0.25 - 0.40
203844.8−263632 5BZB 16.2 -12.3 0.44 - - - 0.10
203856.7−185916 - 16.2 -12.5 - - - - 0.06
203941.0−422052 - 16.3 -12.5 - - - - 0.06
204006.5−462017 - 16.4 -12.1 - - - - 0.16
204008.2−711458 - 17.8 -11.2 0.161 3FGL J2040.2−7115 1.80±0.11 2040.9−711 1.26
204150.2−373338 - 17.3 -11.5 0.098 3FGL J2041.7−3732 1.78±0.16 - 0.63
204201.9−731913 - 16.5 -12.2 - 3FGL J2041.9−7318 2.21±0.17 - 0.13
204205.9+242652 5BZG 17.5 -11.4 0.104∗ 3FGL J2042.1+2428 1.87±0.14 - 0.79
204600.4−343016 - 16.3 -12.1 0.425 - - - 0.16
204734.9+793759 - 15.1 -12.8 - - - - 0.03
204735.8−290858 5BZB >17.0 >-12.1 0.333 - - - 0.16
204921.7−003925 5BZG 16.6 -12.1 0.25 - - - 0.16
205242.4+081040 5BZB >17.0 >-11.8 - - - - 0.32
205253.8−261511 - 15.6 -12.1 - - - - 0.16
205456.8+001537 5BZG 16.1 -12.0 0.151 3FGL J2055.0+0016 1.73±0.19 - 0.20
205528.2−002116 5BZB >18.0 >-10.9 0.44 3FGL J2055.2−0019 1.62±0.14 - 2.51
205637.0+221845 - 16.2 -12.4 - - - - 0.08
205846.6−144304 - 15.8 -12.4 0.078 - - - 0.08
205938.5−003754 5BZG 16.0 -12.4 0.335 - - - 0.08
210050.5−430531 - 16.3 -12.6 - - - - 0.05
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210122.9−454949 - 15.9 -11.4 - - - - 0.79
210123.8+091323 - 16.7 -12.1 - - - - 0.16
210338.2−623225 - 15.0 -11.4 - 3FGL J2103.9−6233 1.98±0.05 2103.8−623 0.79
210415.9+211807 - 15.7 -12.0 - 3FGL J2104.7+2113 2.05±0.18 - 0.20
210421.8−021238 - 15.5 -11.8 - 3FGL J2104.2−0211 1.52±0.2 - 0.32
210450.9+050320 - 16.1 -11.7 - - - - 0.40
210721.1−145417 - 17.3 -12.1 - Arsioli & Chang (2016) 2.87±0.75 - 0.16
210844.6−025034 5BZB 15.8 -11.8 0.15 3FGL J2108.6−0250 1.94±0.18 - 0.32
211011.1−861847 - 15.4 -12.0 - 3FGL J2108.6−8619 1.74±0.26 2112.5−861 0.20
211207.3−144412 - 16.8 -12.2 - - - - 0.13
211243.0+081834 - 15.8 -12.0 - 3FGL J2112.7+0819 1.81±0.11 2112.8+081 0.20
211349.6+082500 - 15.1 -12.0 - - - - 0.20
211353.6+133016 - 17.5 -11.8 0.307∗ - - - 0.32
211355.6−015540 - 15.2 -12.3 - - - - 0.10
211501.3−005640 - 15.9 -12.5 0.226 - - - 0.06
211543.9−012545 - 16.5 -12.3 - - - - 0.10
211604.9+251159 - 15.1∗ -12.8∗ - - - - 0.03
211754.8−324327 - 15.6 -12.3 0.215 3FGL J2118.0−3241 2.31±0.4 - 0.10
212125.3−831914 - 16.0 -12.4 - - - - 0.08
212233.7+192527 - 15.7 -12.4 - - - - 0.08
212319.3+064623 - 15.4 -12.2 - - - - 0.13
212743.0+361305 5BZB 15.6 -11.3 - 3FGL J2127.7+3612 1.90±0.07 - 1.00
212839.9−194152 - >17.0 >-12.2 - - - - 0.13
212940.6+003526 5BZU 17.5 -12.5 0.426 - - - 0.06
213004.6−563221 - 15.2 -12.5 - - - - 0.06
213103.1−274656 5BZB 16.1 -11.5 >0.38 3FGL J2130.8−2745 1.70±0.11 - 0.63
213135.3−091523 5BZB 16.4 -11.4 0.449 3FGL J2131.5−0915 2.02±0.08 2131.4−091 0.79
213151.4−251557 5BZB 16.9 -11.5 >0.86(g) 3FGL J2131.8−2516 2.01±0.14 - 0.50
213306.3−281536 - 15.1 -12.1 - - - - 0.16
213448.1−164205 - 16.3 -12.6 - - - - 0.05
213510.9+224306 - 16.8 -12.6 - - - - 0.05
213533.7+314919 - 15.5 -11.9 - - - - 0.25
213818.3−352204 - 15.8 -12.6 - - - - 0.05
213852.6−205347 5BZB 17.0 -11.7 0.29 2FGL J2139.1−2054 1.39±0.27 - 0.40
214130.7+211525 - 17.2 -12.3 - - - - 0.10
214226.4+365948 - 17.0 -11.6 - - - - 0.50
214255.6−391311∗ - 15.2∗ -12.6∗ - - - - 0.05
214410.0−195559 - 17.9 -12.4 - - - - 0.08
214442.0−181800 - 16.1 -12.2 - - - - 0.13
214453.2−185724 - >17.0 >-12.5 - - - - 0.06
214533.3−043438 5BZG 16.5 -12.0 0.07 Arsioli & Chang (2016) 2.81±0.26 - 0.20
214552.1+071927 5BZB 17.5 -11.7 0.237 3FGL J2145.7+0717 2.66±0.13 - 0.40
214609.6+850148 - 15.7 -11.9 - - - - 0.25
214625.6−474837 5BZB 17.0 -12.1 0.461 - - - 0.16
214636.9−134359 5BZB 15.7 -11.7 >0.42 3FGL J2146.6−1344 1.66±0.07 2146.6−134 0.40
214924.0−563112∗ - 16.3∗ -12.6∗ - - - - 0.05
215006.3−044130 - 17.2 -12.6 - - - - 0.05
215006.7−245723 - 15.1 -12.3 - - - - 0.10
215015.4−141049 5BZG 17.8 -11.3 0.22 3FGL J2150.2−1411 1.83±0.12 2150.3−141 1.00
215214.0−120540 5BZB 16.3 -12.0 0.121 Arsioli & Chang (2016) 2.30±0.16 - 0.20
215258.3+172459 - 15.3 -12.6 0.283∗ - - - 0.05
215305.2−004229 5BZB >18.0 >-11.4 0.341 3FGL J2152.9−0045 1.95±0.18 2153.1−004 0.79
215355.8−295443 - 17.5 -12.3 - - - - 0.10
215511.5−253754∗ - 16.1∗ -12.1∗ - - - - 0.16
215601.6+181837 - 15.8 -11.6 - 3FGL J2156.0+1818 1.91±0.13 - 0.50
215852.0−301332 5BZB 15.5 -10.0 0.117∗ 3FGL J2158.8−3013 1.83±0.01 2158.8−301 19.9
220031.3+003540 - 16.9 -12.5 0.098 - - - 0.06
220107.0+050436 - 15.5 -11.7 - - - - 0.40
220107.3−590639 - 16.3 -11.8 - Arsioli & Chang (2016) 1.85±0.21 - 0.32
220123.8+294933 - 15.7 -12.3 - - - - 0.10
220138.2−564629 - 15.6 -11.9 - - - - 0.25
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220146.9−145438 - 15.7 -12.4 - - - - 0.08
220155.8−170700 5BZB 17.7 -12.0 0.169 Arsioli & Chang (2016) 2.20±0.32 - 0.20
220451.3−181536 - 16.4 -12.0 - - - - 0.20
220941.5−045110 - 15.6 -12.0 - 3FGL J2209.8−0450 1.27±0.32 2209.8−045 0.20
221029.5+362159 - 16.9 -12.1 - Arsioli & Chang (2016) 2.08±0.29 - 0.16
221108.2−000302 5BZB 16.3 -12.0 0.362 Arsioli & Chang (2016) 1.66±0.16 - 0.20
221109.7−002326 5BZG 15.8 -12.6 0.447 - - - 0.05
221404.9+393857 - 16.3 -12.0 - - - - 0.20
221728.3−310620 5BZB >17.0 >-12.0 0.46 - - - 0.20
221919.9−323033 - 15.0 -11.5 - - - - 0.63
222028.6+281354 - 15.5 -12.0 - 3FGL J2220.3+2812 1.83±0.19 - 0.20
222129.2−522527 5BZB 15.8 -11.3 >0.34 3FGL J2221.6−5225 1.93±0.07 2221.4−522 1.00
222253.8−175321 5BZB 16.1 -12.1 0.29 - - - 0.16
222424.9+035457 - 15.2 -11.8 - 3FGL J2224.4+0351 1.60±0.2 - 0.32
222512.6+113559 - 15.5 -12.3 - - - - 0.10
222610.9−840621 - 16.1 -12.1 - - - - 0.16
222636.4+021036 - 16.6 -12.2 - - - - 0.13
222906.1−313020 - 16.7 -12.9 - - - - 0.03
223245.4−004032 - 16.9 -12.3 0.505 - - - 0.10
223248.7−202226 - 17.9 -11.7 - 3FGL J2232.9−2021 2.08±0.14 - 0.40
223301.0+133601 5BZB >17.0 >-11.4 0.214 Arsioli & Chang (2016) 1.60±0.23 - 0.79
223626.2+370713 - 15.8 -11.9 - Arsioli & Chang (2016) 1.84±0.19 - 0.25
223812.7−394018 5BZG 17.2 -12.0 0.25 - - - 0.50
224339.6−123100 - 17.2∗ -11.5∗ - 3FGL J2243.6−1230 2.14±0.17 2243.7−123 0.63
224354.7+202102 5BZB 15.1 -11.1 - 3FGL J2243.9+2021 1.79±0.02 2243.8+201 1.58
224412.7−093423 - 17.5∗ -13∗ 0.447 - - - 0.02
224434.9−723314 - 15.3 -12.3 - - - - 0.10
224447.9−000619 5BZB 15.8 -12.2 >0.7 - - - 0.13
224604.9+154435 - 15.5 -12.4 - 3FGL J2246.2+1547 2.18±0.15 2245.8+154 0.08
224641.9−520639 - 17.7 -11.2 0.098 3FGL J2246.7−5205 1.44±0.18 2246.5−520 1.26
224727.8−545205 - 17.1 -12.5 - - - - 0.06
224753.2+441314 5BZB 16.7 -11.4 - 3FGL J2247.8+4413 1.80±0.13 2247.9+441 0.79
224833.3+322334 - 15.7 -12.4 - - - - 0.08
224910.6−130002 5BZB 17.5 -11.5 >0.5 Arsioli & Chang (2016) 2.23±0.19 - 0.63
225005.7+382437 5BZB 16.2 -11.2 0.119∗ 3FGL J2250.1+3825 1.91±0.07 2249.9+382 1.26
225147.5−320611 5BZU >18.0 >-11.3 0.246 Arsioli & Chang (2016) 1.75±0.17 - 1.00
225240.8+162755 - 16.1 -12.2 - - - - 0.13
225354.1+140436 5BZB 15.6 -12.1 0.327 3FGL J2254.0+1403 2.24±0.2 - 0.16
225441.8+293436 - 15.4 -12.4 - - - - 0.08
225526.2+302520 - 15.4∗ -12.1∗ - - - - 0.16
225613.3−330338 5BZB 16.5 -12.0 0.243 Arsioli & Chang (2016) 2.29±0.33 - 0.20
225635.9−554713 - 16.4 -12.6 - - - - 0.05
225818.9−552536 5BZB 15.7 -11.7 0.479 3FGL J2258.3−5526 2.31±0.17 - 0.40
230012.2+405224 - 17.2 -11.7 - 3FGL J2300.0+4053 1.51±0.25 - 0.40
230039.7−533110 - 17.2 -12.1 0.263 - - - 0.16
230327.4−520033 - 15.7 -12.7 - - - - 0.04
230329.8+032156 - 15.5 -12.4 - - - - 0.08
230344.5−043856 - 17.0 -12.2 0.156 - - - 0.13
230436.7+370507 5BZB 16.3 -11.5 - 3FGL J2304.6+3704 1.82±0.1 2304.7+370 0.63
230525.6+294811 - 16.1 -12.5 - - - - 0.06
230526.9−674304 - 17.2 -12.8 - - - - 0.03
230634.9−110347 5BZB 17.0∗ -11.9∗ - Arsioli & Chang (2016) 2.26±0.26 - 0.25
230717.2−423615 - >17.0 >-12.2 - - - - 0.13
230722.0−120517 5BZB 16.5 -11.8 >0.47 3FGL J2307.4−1208 1.77±0.19 - 0.32
230814.8−160445 - 15.6∗ -12.1∗ - - - - 0.16
230846.8−221947 5BZG 16.8 -12.1 0.137 - - - 0.16
230940.8−363248 - 15.8 -11.6 - 3FGL J2309.6−3633 1.85±0.12 - 0.50
231011.8−105903 - 16.6 -12.2 >0.52 - - - 0.13
231023.2+311949 - 16.1 -12.5 - - - - 0.06
231027.4−371912 5BZU 17.4 -11.9 >1.03(g) - - - 0.25
231041.6−434734 5BZG 17.1 -12.0 0.088 - - - 0.20
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Table 4. continued.
2WHSP J 5BZcat Log(νpeak) Log(νpeakfνpeak ) z Fermi-LAT Γ 2FHL J FOM
231305.8−600521 - 17.3 -12.3 >0.56 - - - 0.10
231306.4−550406 - 15.7 -12.5 - - - - 0.06
231323.5+402810 - 15.1 -11.8 - - - - 0.32
231347.8−692330 - 17.5 -11.9 - 3FGL J2312.9−6923 1.80±0.21 - 0.25
231357.2+144422 5BZG 17.7 -11.9 0.162 3FGL J2314.0+1443 1.76±0.1 2314.0+144 0.25
231731.9−453359 - 15.8 -11.8 - 3FGL J2317.3−4534 2.19±0.08 - 0.32
231752.6−144323 - 15.3 -12.0 - - - - 0.20
231827.1+070123 - 17.0 -12.9 1.521∗ - - - 0.03
231952.8−011626 5BZG 15.7 -12.3 0.28 - - - 0.10
232039.7−630918 - 16.1 -11.7 0.2 Arsioli & Chang (2016) 1.71±0.17 - 0.40
232110.9−121600 - 16.9 -12.3 - - - - 0.10
232243.9+343612 5BZG 16.0 -12.0 0.094 3FGL J2322.5+3436 1.44±0.2 2322.5+343 0.20
232254.4−491629 5BZB 15.6 -11.7 >0.38 3FGL J2322.9−4917 1.96±0.12 2322.7−491 0.40
232304.9−174802 - 15.8 -11.4 0.717 - - - 0.79
232352.0+421058 5BZB 15.6 -11.5 0.059∗ 3FGL J2323.9+4211 1.89±0.04 2323.8+420 0.63
232444.5−404049 5BZB 15.5 -11.0 >0.24 3FGL J2324.7−4040 1.76±0.06 2324.7−404 2.00
232538.1+164641 5BZB 15.4 -11.8 - 3FGL J2325.6+1650 2.10±0.13 - 0.32
232914.2+375414 5BZB 16.3 -11.6 >0.2(f) 3FGL J2329.2+3754 1.93±0.09 2329.2+375 0.50
233016.0−233641 - 15.3 -12.4 - - - - 0.08
233112.8−030129 - 16.9 -12.3 - Arsioli & Chang (2016) 2.17±0.23 - 0.10
233207.6−025245 - 15.3 -12.3 - - - - 0.10
233250.5+452936 - 15.2 -12.2 - - - - 0.13
233252.0−052142 - 17.5 -12.4 - - - - 0.08
233339.4−252710 - >17.0 >-12.1 - - - - 0.16
233352.3−241659 - 17.3 -12.5 - - - - 0.06
233404.0+084725 - 16.3 -12.2 - - - - 0.13
233630.4−635634 - 15.1 -12.2 - - - - 0.13
233653.6−232626 - 17.3∗ -12.5∗ 0.12∗ - - - 0.06
233859.0+025109 - 17.3 -12.4 - 3FGL J2338.7+0251 2.58±0.14 - 0.08
233907.3+053426 5BZB 15.6 -12.5 0.74∗ - - - 0.06
233920.8−740435 - 15.9 -11.8 - 3FGL J2338.7−7401 1.89±0.11 - 0.32
234042.7+385510 - 15.6 -12.2 - 3FGL J2340.7+3847 1.92±0.26 - 0.13
234043.8−462111 - 17.5 -12.2 - - - - 0.13
234238.5+361838 - 16.3 -12.0 - - - - 0.20
234331.6+783142 - 15.8 -11.9 - - - - 0.25
234333.4+343950 5BZB 17.3 -11.5 0.36 3FGL J2343.7+3437 1.75±0.15 2343.5+343 0.63
234538.4−144927 5BZG 16.6 -12.0 0.224 - - - 0.20
234704.7+514216 5BZB 17.7 -11.1 0.044 3FGL J2347.0+5142 1.78±0.03 2347.1+514 1.58
234754.7−663045 - 16.7 -12.4 - - - - 0.08
234857.2−312217 - 16.0 -12.9 - - - - 0.03
235001.6+194151 5BZU 15.0∗ -12.7∗ 0.517 - - - 0.04
235013.4+015146 - 16.4 -12.3 - - - - 0.10
235017.9−055926 5BZB >15.0 >-12.0 0.515 - - - 0.20
235023.2−243602 5BZB >16.0 >-12.1 0.19 - - - 0.16
235034.3−300603 - 15.7 -12.1 0.23 3FGL J2350.4−3004 2.08±0.12 - 0.16
235116.0−760015 - 15.5 -12.3 - 3FGL J2351.9−7601 1.69±0.16 2352.0−755 0.10
235318.7+202031 - 15.5 -12.4 - - - - 0.08
235320.9−145856 5BZB 17.2 -12.0 - Arsioli & Chang (2016) 1.54±0.22 - 0.20
235604.0−002353 5BZB 15.4 -12.5 0.283 - - - 0.06
235612.1+403643 5BZG 16.3 -12.1 0.331 3FGL J2356.0+4037 1.72±0.13 - 0.16
235725.0−171233 - 15.2 -12.8 - - - - 0.03
235729.8−171802 5BZB 17.3 -11.2 >0.85(g) 3FGL J2357.4−1716 1.80±0.13 - 1.26
235907.8−303740 5BZB 17.1 -11.0 0.165 3FGL J2359.3−3038 2.02±0.11 - 2.00
235916.9+021520 - 16.0 -12.4 - - - - 0.08
235921.3−131129 - 15.3 -12.7 - - - - 0.04
235955.3+314600 - 15.3 -12.2 - - - - 0.13
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